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SURFACE WATER SUPPLY OF HUDSON BAY BASINS AND
UPPER MISSISSIPPI RIVER FOR THE YEAR ENDING
SEPTEMBER 30, 1913.

AUTHORIZATION AND SCOPE OF WORK.

This volume is one of a series of twelve reports presenting results
of measurements of flow made on streams in the United States dur-
ing 1913. Six of the reports for 1913 contain data for the year
ending September 30, and the other six for the calendar year, as
indicated in the table on page 6.

The data presented in these reports were collected by the United
States Geelogical Survey under authority implied in the organic
law (20 Stat. L., p. 394), which contains the following paragraph:

Provided, Fhat this officer [the Director] shall have the direction of the geological
survey and the classification of public lands and examination of the geological struc-
ture, mineral resources, and products of the national domain,

The work was begun in 1888 in connection with special studies of
water supply for irrigation. Since the fiscal year ending June 30,
1895, successive sundry civil bills passed by Congress have carried
the following item and appropriations:

For gaging the streams and determining the water supply of the United St&teé, '

and for the investigation of underground currents and artesian wells, and for the -
preparation of reports upon the best methods of uuhzmg the water resources. ’

Annual appropriations for the fiscal years ending June 30, 1895-1914.

B R3S PN $12, 500
1896 . .o iitiiccieciaccnecceaccacccanctancnanann 20, 600
1897 t0 1900, inclusive..ccccieiieninecaccccacanccencnnnens 50,000
1901 t0 1902, INClUSIVE. oot ceieeeceeanacnavennannnnenn 100, 000
1903 t0 1906, inclusive.....c.ccineceincaannas eesesscacsancnn 200, 000
1907 . et iiiie e ceeieicccennccscesecusncasnccaannonaaan 150, 000
1908 to 1910, inclusive. .. .o oii ittt itaanaaan 100, 000
1911 t0 1914, inclusive. coo oo iiiicereeeieecaaaan 150, 000

In the execution of the work many private and State organizations
have cooperated, either by furnishing data or by assisting in collecting
data. Acknowledgments for cooperation of the first kind are made
in connection with the description of each statmn affected, and of
the second kind on page 16.

b
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Measurements of stream flow have been made at about 3,000 points
in the United States, and also at many points in small areas in
Seward Peninsula and the Yukon-Tanana region, Alaska, and in the
Hawaiian Islands. In July, 1913, 1,388 gaging stations were being
maintained by the Survey and the cooperating organizations in the
United States, and many miscellaneous discharge measurements
were made at other points. In connection with this work data were
also collected in regard to precipitation, evaporation, storage reser-
voirs, river profiles, and water power in many sections of the country
and Wﬂl be made available in the regular Wat.er-supply papers from
time to time.

PUBLICATIONS.

A report has been prepared for each year embodying the stream-
flow data collected during that year. An index to the reports con-
taining stream-flow measurements prior to 1904 has beén published
as Water-Supply Paper 119. Circulars are also available giving
complete lists of the gaging stations maintained by the Survey to
date, and a list of the reports relating to the water supply of the
country.

Prior to 1901 gage heights and discharge measurements were
published in watersupply papers or bulletins and estimates of
monthly discharge in annual reports; since 1901 both classes of
data have been published in water-supply papers, and they are now
being published in 12 parts, as shown in the following table:

Papers on surface water supply of the United States, 1913.

“Part. | No. Title. Year used.
1| 351 [ North Atlantic coast Dasins...........cceocieoaroieoaiiaeaiaeann- Calendar year.
II | 352 | South Atlantic cqast and eastern Gulf of Mexico basins............
TII | 353 | OhioRiver Basin....... .. ... ...o.ooiiiiiiiaaannnnnt --..| Year end.mg Sept. 30.
IV | 354 | St. Lawrence River Basin.._..................... ....| Calendar
V | 355 | Upper Mississippi River and Hudson Bay basins. we..| Year endmg Sept 30.
V1 | 356 | Missouri River Basin....................... -...| Calendar year.

VII | 357 | Lower Mississippi River Basin.
VIL | 358 | Western Gulf of Mexico basins.

Do.
.| Year ending Sept. 30.
I)I% 359 | Colorado River Basin.........

.| Calendar year.
. Yeai_) ending Sept. 30.

XII| 362 North Pacific coast basms ......................................... Do.
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A list of reports containing stream-flow data is presented in the

following table:

Stream-flow data in reports of the United States Geological Survey. -

[A=Annual Report; B==Bulletin; WS=W ater-Supply Paper.]

Report. Character of data. Year.
10th A, pt.2..... Ceees Descriytive information only...........o.ociiiiiiiiiios
1Uth A;pt.2.......... Monthly discharge......... ...l 18%‘19 l)to Sept.,
19th A, Pt.2 oo foenes Q0+ - - e e 1884 tlo' June3o,
13th A, pt. 3... Mean discharge in 56conA-106t . . .. < wooeeooereiiiei it 18%81 9tzo Dee. 31,

14th A, pt. 2.

20th A, pt.4..........
WS 35%039

WS 124t0135.
WS165t0178..
WS 201t0214..
WS 241 to 252. .
WS 261t0272..
WS 28110292..

WS 301 to312. .

WS 321 to 332a.

WS 351 to 362a........| ...

.| Monthly discharge (long-time records, 1871 to 1893)...

Descriptions, measurements, and gageheights for eastern United

Descriptions, measurements, gage heights, and ratings

Descriptive information onl

Descriptions, measurements, gageheights, ratings, and monthly
discharge (also many data covering earlier yea.rsﬁ.

Gage heights (also gage hei%?ts for earlier years) :

Descriptions, measurements, ratings, and monthly discharge
(also similar data for some earlier years).

States, eastern Mississippi River, and Missouri River above
junction with Kansas.

Descriptions, measurements, and gage heights for western Missis-
sippi River below junction of Missouriand Platte, and western
United States.

Descriptions, measurements, ratings, and monthly discharge

(also some long-time records).

Measurements, ratings, and I§s.ge heights for eastern United
States, eastern Mississippi River, and Missouri River.

Measurements, ratings, and gage heights for Arkansas Riverand
western United States.

Monthly discharge (also for many earlier years)..................

Descriptions, measurements, gage heights, and ratings. ..

Monthly discharge

Descrixl)tiops, measurements,

Monthly discharge. .

Descri?tlons, measur:

Monthly discharge. .

Com&)lete data..

-...Q0

1888 1;’0 Dee. 31,

1893.
- 1893 and 1894,

1895.

1896.
1895 and 1896,
1897.

1897.

1897.
1898.
1898.

o In preparation.

Nore.—No data regarding stream flow are given in the 15th and 17th annual reports.

The table on page 8 gives, by years and drainage basins, the
numbers of the papers on surface-water supply published from 1899
to 1913. The data for any particular station will be found in the
reports covering the years during which the station was maintained.
For example, data for any station in the area covered by Part I are
published in Water-Supply Papers 97, 124, 165, 201, 241, 261, 281,
301, 321, and 351, which contain records for the New England streams

from 1903 to 1913.

the head of the

column in which the paper is listed.

The year covered by the report is indicated at
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DEFINITION OF TERMS, ]

Water-supply papers and other publications of the United States
Geologieal Survey containing data in regard to the water resources
of the United States may be obtained or consulted as indicated

_below: .

1. Copies may be obtained free of charge by applying to the
Director of the Geological Survey, Washington, D. C.. The edition
printed for free distribdtion is, however, small and is soon exhausted.

2. Copies may be purchased at nominal cost from the Superin-
tendent of Documents, Government Printing Office, Washington,
D. C., who will on application furnish lists giving prices.

3. Sets of the reports may be consulted in the libraries of the
principal cities of the United States.

4. Complete sets are|available for consultation in the local offices
of the water-resources branch of the Geological Survey, as follows:

Albany, N. Y., Room 18, Federal Building.
Atlanta, Ga., Post Office| Building.

St. I"aul, Minn., Old Caﬁitol Building.

Madison, Wis., Capitol ‘uilding.

Helena, Mont., Montana, National Bank Building.
Denver, Colo., 302 Chamber of Commerce Building.
Salt Lake City, Utah, Federal Building

Boise, Idaho, 615 Idaho Building.

Phoenix, Ariz., 417 Flenping Building.

Portland, Oreg., 416 Couch Building.

Tacoma, Wash., Federal Building,

San Francisco, Cal., 328 Customhouse.

Los Angeles, Cal., Federal Building.

Santa Fe, N. Mex., Capitol Building.

Honolulu, Hawaii, Kapiplani Building.

A list of the Geologicpl Survey’s publications will be sent on appli-
cation to the Director of the United States Geological Survey,
Washington, D. C. :

DEFINITION OF TERMS.

The volume of water flowing in a stream—the ‘“run-off”” or ‘“dis-
charge”—is expressed in various terms, each of which has become
associated with a certain class of work. These terms may be divided
into two groups—(1) those which represent a rate of flow, as second-
feet, gallons per minute, miner’s inches, and discharge in second-feet
per square mile, and (2) those which represent the actual quantity
of water, as run-off (Eepth in inches), acre-feet, and millions of
cubic feet. The units used in this series of reports are second-feet,
second-feet per square *nile, run-off in inches, acre-foot, and millions
of cubic feet. They may be defined as follows:

“‘Second-foot” is an abbreviation for *cubic foot per second” and
is a unit for the rate of discharge of water flowing in a stream. A
second-foot is the rate iof discharge of water flowing in a channel of
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rectangular cross-section 1 foot wide and 1 foot deep at an average
velocity of 1 foot a second. It is generally used as a fundamental
unit from which others are computed by the use of the factors given
in the tables of convenient equivalents (p. 11).

“Second-feet per square mile” is the average number of cubic feet
of water flowing per second from each square mile of area drained,
computed on the assumption that the run-off is distributed uniformly
both as regards time and area.

“Run-off (depth in inches)” is the depth to which an area would
be covered if all the water flowing from it in a given period were
uniformly distributed on the surface. It is used for comparing run-
off with rainfall, which is usually expressed in depth in inches.

An “acre-foot” is equivalent to 43,560 cubic feet, and is the quan-
tity required to cover an acre to the depth of 1 foot. The term is
commonly used in connection with storage for irrigation.

“Millions of cubic feet” is applied to quantities of water stored
in reservoirs, and is most frequently used in studies of flood control.

Certain terms not in common use may be defined as follows:

‘““Control,” ““controlling section,” and “point of control” are used
to designate the cross section of the stream below the gage which
controls or regulates the height of the water surface at the gage.
The control may not be the same cross section at all stages. -

“Discharge relation” equals ‘“relation of gage height to discharge.”

The ““point of zero flow” is the stage or gage height at which the
stream ceases to flow.

CONVENIENT EQUIVALENTS.

The following is a list of convenient equivalents for use in hydraulic
computations:

Table for converting velocity in feet per second into velocity in miles per hour.

{1 foot per second=0.681818 mile ger hour, or very nearly 2 mile per hour. 1 mile per hour=1.4667 feet
perdse]cond, or very nearly 13 feet per second. In computing the table the values 0.68182 and 1.4667 were
used.

Tenths.
Units.

0 1 2 3 4 5 6 7 8 9
0..... 0.000 | 0.068{ 0.136 | 0.205| 0.273 | 0.341 | 0.409 | 0.477 | 0.545 0.614
1..... .682 . 750 .818 . 886 .955 | 1.02 1.09 1.16 1.23 | 1.30
2..... 1.36 1.43 1.50 1.57 1.64 1.70 1.77 1.84 1.91 [ 1.98
3..... 2.05 2.11 2.18 2.25 2.32 2.39 2.45 2.52 2.59 | 2.66
4. 2.73 2.80 2.86 2.93 3.00 | 3.07 3.14 3.20 3.27 |3.34
5..... 3.41 3.48 3.55 3.61 3.68 3.75 3.82 3.89 3.95 | 4.02
6..... 4.09 4.16 4.23 4.30 4.36 4.43 4.50 4.57 4.64 | 470
Teuenn 4.77 4.84 4.91 4.98 5.05 5.11 5.18 5.25 5.32 | 5.39
8..... 5.45 5.52 5.59 5.66 5.73 5.80 5. 86 5.93 6.00 | 6.07
9..... 6.14 6.20 6.27 6.34 6.41 6.48 6. 55 6. 61 6.68 | 6.75
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Table for converting discharge in second-fect z):r square mile into run-off in depth in inches

over the area.
Discharge Run-off in inches.
in second-
feet per

square mile.| 1 day. 28 days. 29 days. 30 days. 31 days.
0.03719 1.041 1.079 1.116 1.153
. 07438 2.083 2.157 2.231 2.306
.11157 3.124 3.236 3.347 3.459
14876 4.165 4.314 4.463 4.612
. 18595 5.207 5.393 5.578 5.764
. 22314 6.248 6.471 6. 694 6.917
. 7.289 7.550 7.810 8.070
-297 8.331 8.628 8.926 0,223
.33471 9.372 9.707 10. 041 10.376

NotEe.—For part of a month multiply the values for one day by the number of days.

Table for converting discharge in second-feet into run-off in acre-feet.

Run-off in acre-feet.

Discharge
in second-
feat. 1day. 28 days. | 20days. | 30days. | 31days.
1.983 55.54 57.52 59. 50 61.49
3.967 111.1 115.0 119.0 123.0
5.950 166. 6 172.6 178.5 184.5
7.934 222.1 230.1 238.0 246.0
9.917 2.7 287.6 297.5 307.4
11.90 333.2 345.1 357.0 368.9
13.88 388.8 402.6 416.5 430.4
15.87 444.3 460. 2 476.0 491.9
17.85 499.8 517.7 535.5 553.4

Norte.—For part of a month multiply values for one day by the number of days.

Table for converting discharge in second-feet into run-off in millions of gallons.

Run-off in millions of gallons.
Discharge gatlons
in second-
. feet. 1day. 28days. | 29days. | 30days. | 31days.
0. 6463 18.10 18.74 19.39 20. 04
1.293 36. 20 37.48 38.78 40. 08
1.939 54.30 56. 22 58.17 60.12
2. 585 72. 40 74.96 77.56 80.16
3.232 90. 50 93.70 96. 100.2
3.878 108.6 112.4 116.3 120.2
4.524 126.7 131.2 135.7 140.3
5171 144.8 149.9 155.1 160.3
5.817 162.9 168.7 174.5 180. 4

Note.—For part of a month multiply the value for one day by the number of days.

Table Jor converting discharge in second-feet into run-off in millions of cubic feet.

Discharge Run-off in millions of cubic feet.
in second-
feet. 1 day. 28 days. 29 days. 30 days. 31 days.
0.0864 2.419 2. 506 2.592 2.678
L1728 4.838 5.012 5.184 5.356
. 2592 7.257 7.518 7.776 8.034
. 3456 9. 676 10. 024 10.368 10.712
. .4320 12. 095 12. 530 12. 960 13.390
.5184 14.514 15. 036 15. 552 16. 068
. 6048 16.933 17. 542 18.144 18.746
. 6912 19.352 20. 048 20.736 21. 424
L7776 21.771 22. 554 23.328 24.102

Note.—For part of a month multiply values for one day by the number of days.
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1 second-foet equals 40 California miner’s inches (law of March 23, 1901).
1 second-foot equals 38.4 Colorado miner’s inches.
1 second-foot equals 40 Arizona miner’s inches.
1 second-foot equals 7.48 United States gallons per second; equals 448.8 gallons per
minute; equals 646,317 gallons for one day.
1 second-foot for one year covers 1 square mile 1.131 feet, or 13.572 inches deep.
1 second-foot for one year equals 31,536,000 cubic feet.
1 second-foot equals about 1 acre-inch per hour.
1 second-foot for one day equals 86,400 cubic feet.
1,000,000,000 (1 United States billion) cubic feet equals 11,570 second-feet for one day.
1,000,000,000 cubic feet equals 414 second-feet for one 28-day month.
1,000,000,000 cubic feet equals 399 second-feet for one 29-day month.
1,000,000,000 cubic feet equals 386 second-feet for one 30-day month.
1,000,000,000 cubic feet equals 373 second-feet for one 31-day month.
100 California miner’s inches equals 18.7 United States gallons per second.
100 California miner’s inches for one day equals 4.96 acre-feet.
100 Colorade miner’s inches equals 2.60 second-feet.
100 Colorade miner’s inches equals 19.5 United States gallons per second.
100 Colorado miner’s inches for one day equals 5.17 acre-feet.
100 United States gallons per minute equals 0.223 second-foot.
100 United States gallons per minute for one day equals 0.442 acre-foot.
1,000,000 United States gallons per day equals 1.55 second-feet. ’
1,000,000 United States gallons equals 3.07 acre-feet.
1,000,000 cubic feet equals 22.95 acre-feet.
1 acre-foot equals 325,850 gallons.
1inch deep on 1 square mile equals 2,323,200 cubic feet.
1 inch deep on 1 square mile equals 0.0737 second-foot per year.
1 foot equals 0.3048 meter. -
1 mile equals 1.60935 kilometers.
1 mile equals 5,280 feet.
1 acre equals 0.4047 hectare.
1 acre equals 43,560 square feet. )
1 acre equals 209 feet square, nearly.
1 square mile equals 2.59 square kilometers.
1 cubic foot equals 0.0283 cubic meter.
1 cubic foot of water weighs 62.5 pounds.
1 cubic meter per minute equals 0.5886 second-foot.
1 horsepower equals 550 foot-pounds per second.
1 horsepower equals 76.0 kilogram-meters per second.
1 horsepower equals 746 watts.
1 horsepower equals 1 second-foot falling 8.80 feet.
1} horsepower equals about 1 kilowatt.
To calculate water power quickly: Sec.t. Xlﬁlm in feet

wheel realizing 80 per cent of theoretical power.

net horsepower on water
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EXPLANATION OF DATA.

The data presented in this report cover the year beginning October
1, 1912, and ending September 30, 1913, and not, as in- previous
reports, the calendar year. At the 1st of January in most parts of the
country a large amount of precipitation for the preceding three
months is stored, either as ground water, in the form of snow, or in
lakes. This stored water passes off in the streams during the spring
break up. At the end of September the only stored water available
for run-off in the streams is possibly a small amount held in ground
storage. Therefore the run-off for a year, beginning with October
1, is practically all derived from precipitation occurring within that
year.

For each regular current-meter gaging station the following data,
so far as available, are given: Description of the station, list of dis-
charge measurements, table of daily gage height, table of daily dis-
charge, table of monthly and yearly discharge and run-off. For
stations located at weirs or dams the gage-height table is usually
omitted.

In addition to statements regarding the location and installation
of current-meter stations, the descriptions give information in regard
to any condition which may affect the constancy of the discharge
relation, covering such points as ice, logging, shifting channels, and
backwater; also information regarding diversions which decrease the
total flow at the measuring section. Statements are also made
regarding the accuracy and reliability of the data.

The table of daily gage height shows the daily fluctuations of the
surface of the river as found from the mean of the gage readings
taken each day, usually in the morning and in the evening, though at
many stations only one reading is made each day. At a comparatively
few stations automatic gages are nsed, some of which give a continuous
record of river stage in the form of a hydrograph and others a record
printed at regular intervals, from which the mean daily gage height
can be computed. The gage height given in the table represents the
elevation of the surface of the water above the zero of the gage. All
gage heights affected by the presence of ice in the streams or by back-
water from obstructions are published as recorded, with suitable
footnotes. The rating table is not applicable for such periods unless
the proper corrections to the gage heights are known and applied.
Attention is called to the fact that the zero of the gage is placed at
an arbitrary datum and has no relation to zero flow or the bottom of -
the river. In general the zero is located somewhat below the lowest
known flow, so that negative readings shall not occur.

In the tables of daily gage height the use of zeros in the hundredths
place indicates the limits of accuracy to which the gage was read and
t0 which the mean daily gage height was computed. If a gage is
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read to tenths or half tenths once a day or to tenths twice a day, no
zeros appear in the hundredths place for any stage. If the gage is
read to half tenths twice a day or to quarter tenths or hundredths,
regardless of the number of readings a day, the gage heights are
published to hundredths, and zeros appear in the hundredths place,
below a certain limiting stage. This limiting stage is so selected
that the average error in the mean daily discharge, resulting from
not using the mean daily gage height to hundredths above that stage,
shall not be greater than 2 per cent. For automatic gages the allow-
able average error of the daily discharge has been taken as 1 per cent.
The selection of the percentage is arbitrary, but it should be noted
that the maximum error will in all cases be twice the average error.
In like manner half tenths are used from the hundredths limit to
another higher limit, above which only tenths are used. It is the
aim to have the gage-height observations at each gaging station
recorded to the degree of refinement required by the above method
of use, but in practice it is found necessary, in order to avoid confu-
sion in the gage observer’s record, to have the observations for all
stages recorded to the degree of refinement required for low stages,
which usually necessitates readings to hundredths of a foot.

The discharge measurements and gage heights are the base data
from which rating tables, daily discharge tables, and monthly dis-
charge tables are computed.

The rating table gives, either directly or by interpolation, the
discharge in second-feet corresponding to every stage of the river
recorded during the period for which it is applicable.; It is not pub-
lished in this report, but can be determined from the tables of daily
gage heights and daily discharge.

The table of daily discharge determined from the rating table gives
the discharge in second-feet correspondmg to the mean of the gage
readings observed each day.

In the table of monthly discharge the column headed ‘“Maximum”
gives the mean flow, as determined from the rating table, for the day
when the mean gage height was highest. As the gage height is
the mean for the day, it does not indicate correctly the stage when
the water surface was at crest height and the corresponding discharge
was consequently larger than given in the maximum column. Like-
wise in the column at “Minimum’’ the quantity given is the mean
flow for the day when the mean gage height was lowest. The column
-headed “Mean”’ is the average flow in cubic feet for each second dur-
ing the month. On this the computations for the remaining columns, -
which are defined on page —, are based.

The base data presented in this report, unless otherwise stated in
description of station, have been collected by the methods commonly
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used at current-meter gaging stations and described in standard
textbooks. Plates I and II show current meters and gages used
and typical gaging stations.

ACCURACY OF FIELD DATA AND COMPUTED RESULTS.

The accuracy of stream-flow data depends (1) on permanence of
the relation betweer discharge and stage, and (2) on the accuracy
of observation of stage, measurements of discharge, and interpre-
tation of data.

In order to give engineers and others information regarding the
probable accuracy of the computed results, footnotes are added to
the daily discharge tables, stating the probable accuracy of the
rating tables used, and an accuracy column is inserted in the monthly
discharge table. For the rating tables, ‘‘well defined’”’ indicates, in
general, that the rating is probably accurate within 5 per cent;
“fairly well defined,” within 10 per cent; ‘‘poorly defined” or
‘“‘approximate,’’ within 15 to 25 per cent. These notes are very
general and are based on the plotting of the individual measurements
with reference to the mean rating curve.

The accuracy column in the monthly discharge table does not
apply to the maximum or minimum nor to any individual day, but
to the monthly mean. It is based on the accuracy of the rating,
the probable reliability of the observer, the number of gage readings
per day, the range of the fluctuation in stage, and knowledge of local
conditions. In this column, A indicates that the mean monthly
flow is probably accurate within 5 per cent; B, within 10 per cent;
C, within 15 per cent; D, within 25 per cent. Special conditions
are covered by footnotes

Even though the monthly means for any station may represent
with a high degree of accuracy the quantity of water flowing past
the gage, the figures showing discharge per square mile and depth of
run-off in inches may be subject to gross errors, which result from
including in the measured drainage area large noncontributing
districts or omitting estimates of water diverted for irrigation or
other use. On this account the computations of ‘‘second-feet per
square mile’’ and ‘‘run-off (depth in inches)’’ have not been made for
stations draining areas having an annual rainfall of less than 20
inches, nor for those stations draining areas of over 20 inches of
rainfall for which it is believed that the computations would be
uncertain and misleading because of the presence of large non-
contributing districts in the measured drainage area, of omitting
estimates of water diverted for irrigation or other use, or of artificial
control or unusual natural control of the flow of the river above the
gaging station. "All values of ‘‘second-feet per square mile” and
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“run-off (depth in inches)” previously published by the Survey
should be used with exterme caution, and such values in this report
should be used with care because of possible inherent sources of error
not known to the Survey.

In general, the base data collected each year by the Survey
engineers are published, not only to comply with the law, but also
to afford any engineer the means of examining and adjusting to his
own needs the results of the computations. The table of monthly
discharge is so arranged as to give only a general idea of the flow at
the station and should not be used for other than preliminary esti-
mates. The determinations of daily discharge allow more detailed
studies of the variation in flow by which the period of deficiency may
be determined.

It should be borne in mind that the observations in each succeed-
ing year may be expected to throw new light on data already col-
lected and published, and the engineer who makes use of the figures
presented in these papers should verify all ratings and make such
adjustments for earlier years as may seem necessary.

COOPERATION.

During the year ending September 30, 1913, stream-gaging work
in Montana was carried on in cooperation with the United States
Reclamation Service.

In Minnesota the State cooperated under the terms of an act of
the legislature of 1909 embodied in joint resolution 19, which reads
as follows:

Whereas the water supplies, water powers, navigation of our rivers, drainage of our
lands, and the sanitary condition of our streams and their watersheds generally form
one great asset and present one great problem: Therefore be it

Resolved (by the house of representatives) the senate concurring, That the State Drain-
age Commission be, and is hereby, directed to investigate progress in other States
toward the solution of said problem in such States, to investigate and determine the
nature of soil problem in this State.

Prior to March 1, 1913, George A. Ralph, chief engineer of the
State drainage commission, represented the State. From March 1
to September 30 E. V. Willard was acting State drainage engineer.

Work in Iowa during the year covered by this report was carried
on under a.cooperative agreement with the State geological survey,
George F. Kay, director.

DIVISION OF WORK.

Field data for the Hudson Bay drainage basin, except in Minne-
sota, were collected under the direction of W. A. Lamb, district
engineer, Helena, Mont. by E. F. Chandler, R. R. Randell, W. B.
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Stevenson, and E. J. Budge. The ratings and studies of the completed
data were made by W. A. Lamb, E. F. Chandler, and B. J. Peter-
son. Estimates of flow during periods when the discharge relation
was affected by ice were made by B. J. Peterson and E. F. Chandler.

Field data for the Hudson Bay drainage basin in Minnesota were
collected under the direction of W. G. Hoyt, district engineer, St.
Paul, Minn., by E. F. Chandler, S. B. Soulé, B. J. Peterson, W. B.
Stevenson, and E. J. Budge. The ratings and studies of the completed
data were made by W. G. Hoyt, E. F. Chandler, and B. J. Peterson.
The estimates of flow during periods when the discharge relation
was affected by ice were made by W. G. Hoyt and E. F. Chandler.

Field data for the upper Mississippi River drainage basin were col-
lected under the direction of W. G. Hoyt, district engineer, St. Paul,
Minn!, by S. B. Soulé, and B. J. Peterson. The ratings and studies
of the completed data were made by W. G. Hoyt and B. J. Peterson.
Estimates of flow when the discharge relation was affected by ice
were made by W. G. Hoyt. ‘

The computations were made by J. G. Mathers, M. I. Walters,
d. H. Morgan, E. D. Burchard, and B. J. Peterson.

The data were assembled for publication by B. J. Peterson.

The report was edited by Mrs. B. D. Wood.

STATION RECORDS.
HUDSON BAY DRAINAGE AREA IN THE UNITED STATES.

ST. MARY RIVER NEAR BABB, MONT.!

Location.—Near dam gite a quarter of a mile below the outlet of Lower St. Mary Lake,
1 mile above mouth of Swiftcurrent Creek, and about 2 miles south of Babb, Mont.

Records available.—April 9, 1902, to September 30, 1913.

Drainage area.—177 square miles.

Gage.—Chain gage on right bank of stream. Temporary low-water gage used during
winter months.

Channel and control.—Practically permanent.

Discharge measurements.—Made from cable 300 feet below gage. In Septeinber,
1909, the cable was moved from a point 300 feet farther downstream. Low-water
meagurements are made by wading one-fourth mile above gage.

Winter flow.—Channel freezes over at gage and considerable ice exists in the stream.,

Floods.—Flood of June 5, 1908, reached a stage of about 9.4 feet. : .

Accuracy.—Rating curve well defined except for winter months. Acct racy of
winter records impaired by changes in datum of temporary gage and post ibly by
effect of ice but are probably fair. |

1The records for this station were published in Water-Supply Papers 85 and 100 as ‘‘St. Mary River at
dam site near St. Mary,”” and in Water-Supply Paper 130 as “St. Mary River near St. Mary.”
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Daily discharge, tn second-feet, of St. Mary River near Babb, Moni., for the year ending
Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
225 195 79 88 40 385 | 3,080 | 2,280 815 645
195 | 241| 166 79 88 40| 425(3,380] 2,100} 815
195 225 166 72 88 31 468 | 3,380 | 2,010 618
180 225 180 72 88 31 405 | 8,480 | 1,840 755 645
195| 225| 166 72 88 31| 445|3,480) 1,760 | 755 618
195 225 166 72 96 36 468 | 3,380 | 1,600 755 618
180 225 166 72 96 40 468 | 3,180 | 1,600 815 a 522
195 210 152 72 116 51 468 | 3, 1, 520 815 425
195 225 166 64 116 64 468 | 3,080 ; 1,520 755 405
166 210 166 64 116 79 405 | 2,980 | 1,440 700 336
180 210 139 64 116 106 425 | 2,980 | 1,440 645 425
166 139 64 116 128 425 | 2,980 | 1,440 700 367
180 139 64 139 139 468 | 2, 1,360 700 367
166 257 139 72 1 152 490 | 2,780 | 1,200 645 a 349
195 241 128 72 139 210 540 | 2,680 | 1,200 700 331
6. ... 195 241 139 1 225 565 | 2,480 | 1,060 700 349
| ¥ S 195 257 139 139 241 618 | 2,190 | 1,060 645 331
18 it 195 241 139 152 274 700 | 2,100 995 700 331
19 et 225 257 128 152 309 700 | 1,920 875 645 331
20 i 225 257 128 152 346 700 | 1,840 875 645 331
4 D 241 225 116 139 309 700 | 1,840 815 645 | a3l4
b2 225 116 116 309 700 | 1,760 815 618
.............. 257 225 116 116 274 700 | 1,840 815 618 230
b7 241 2251 * 116 116 274 755 | 1,760 875 280
45 J 257 210 116 96 274 815 | 1,760 875 618 280
260 241 225 106 79 274 | 1,200 | 1,840 875 645 263
.7 SO, 225 195 96 64 309 | 1,600 | 1, 875 618 232
28 e 257 195 96 51 309 | 2,190 | 2,010 875 232
20 el 241 195 96 51 327 | 2,680 | 2,100 875 618 232
| 257 180 88 46 365 | 2,980 | 2,100 875 618 232
s D 241 {....... 88 0. ,080 |....... 875 | 590 [.......

aInterpolated.

Note.—Daily discharge Oct. 1, 1912, to Sept. 10, 1913, computed from a well-defined rating curve. Dis-
charge Sept. 11—30 1913, computed from a rating eurve based on a discharge measurement made Dec, 19,
1913. Discharge Feb. 6-20, estimated on account of ice, 75 second-feet. Estimates for October and Novem-
'ﬁi d.li;e!(" f‘rortn those pubhshed in Water-Supply Paper 325 because of revision of rating curve for stages

ow eet.

Monthly discharge of St. Mary River near Babb, Mont., for the year ending Sept. 30, 1913.

[Drainage area, 177 square miles.]
Discharge in second-feet. Run-off.
Month. Per | Depthin | Py
. s inches on [ *
Maximum. | Minimum. | Mean. | square drainage | acrefeot
. area.
257 166 211 L19 1.37 13,000 | A.
257 180 225 1.27 1.42 13,400 | A.
195 88 135 . 763 .88 8,300 | B.
79 64 63.8 .389 . 4, C.
........................ 76.8 434 . 4, C.
152 40 106 .599 .69 6,520 | C.
365 31 187 1.06 118 11,100 § B.
3,080 385 885 5,00 5,76 54,400 | A,
3,480 1,760 | 2,540 14.4 16.07 151,000 | A.
2,280 815 | 1,250 7.06 8.14 76, A,
590 688 3.89 4.48 42,300 | A.
645 232 389 2.20 2.46 23,100 | B.
3,480 31 564 3.19 43.35 409, 000

e Estimates differ from those published in Water-Supply Paper 325 because of revision of rating curve
for stages below 2.0 feet, -
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ST. MARY RIVER BELOW SWIFTCURRENT CREEK AT BABB, MONT.1!

Location.—At Babb, Mont., about 1 mile below mouth of Swiftcurrent Creek.

Records available.—July 14, 1901, to October 18, 1902; May 13, 1910, to September
30, 1913.

Drainage area.—298 square miles.

Gage.—Chain gage installed July 19, 1911, on right bank about 100 feet farther down~
stream than staff gage installed on left bank May 13, 1910, and at a different datum.
The original gage, which was used in 1901 and 1902; was a staff nailed to a pier of
the highway bridge at Babb; it was destroyed by the flood of June 5, 1908. The
gage installed May 13, 1910, was on the left bank about 75 feet below the old site
and at a different datum. A temporary chain gage was also installed for low-water
readings. On May 1, 1912, a gage was established on an overflow channel from
Swiftcurrent Creek and gage readings obtained from May 2 to November 24.
This overflow discharges into St. Mary River below the gage.

Channel and control.—Likely to change.

Discharge measurements.—In 1901 and 1902 made from highway bridge; in 1910
from a feotbridge 100 feet above gage; in 1911 from a cable 50 feet above gage.
Low-water measurements are made by wading. The overflow from Swiftcurrent
Creek is measured from a footbridge.

Floods.—Probably the highest stage was reached June 5, 1908. No records of this
flood were obtained at this point.

Winter flow.—Discharge relation affected by ice.

Accuracy.—Rating curves for main stream and for Swiftcurrent Creek overflow well
defined; records excellent except during winter months.

Discharge measurements of St. Mary River below Swiftcurrent Creek at Babb, Mont., during
the year ending Sept. 30, 1913.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. Date. Made by— ieht.

Dec. 16
Mar. 30
May 18
June 12

Norte.—Measurements do not include flow from Swiftcurrent Creek.

Discharge measurements of Swiftcurrent Creek overflow at Babb, Mont., during the year
ending Sept. 30, 1913.

Gage Dis- Gage | Dis-
Date. Made by— heizit. charge, || Date- Made by— height. | charge.
Feet. | Sec.t Feet. | Sec.ft.
Dec. 16 | W. A, Lamb. 4410520 June 27 | W. A, Lamb........... 6.15
Mar. 30 |..... 4 Lo TR (R, (¢) July 31 d 5.18 21
May 18 |..... do..... 6.3 108 Aug. 21 4,91 10
June 12 | R. R. Randell.......... 7.0 170 Sept. 14 4.6 4

b Estimated.
¢ No flow in the overflow channel.

1 The records at this station for 1901 and 1902 were published in Water-Supply Paper 66 as for “St.
Mary River at Main, Mont.”
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Daily gage height, in feet, of St. Mary River below Swiftcurrent Creek at Babb, Mont.,
Jor the year ending Sept. 30, 1913.

{Carl Giruin, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
4,25 | 4.3 4.2 3.7 3.4 3.6 3.6 4.9 8.25| 7.2 5.65 5.15
4.2 4.3 | 4.2 3.65 | 3.4 3.55| 3.6 4.9 8.35| 7.15] 5.65 5.1
4.2 4.3 4.2 3.6561 3.5 3.651 3.6 4.9 8.35| 7.0 5.65 5.1
4.2 4.3 4.15| 3.65| 3.6 3.656 | 3.6 4.95]| 8.15| 6.8 5.65 5.15
4,2 4,3 4.15] 3.65] 3.6 3.7 3.55| 4.8 8.15| 6.65| 5.7 5.15
415 | 4.25| 415! 3.65{ 3.7 3.7 3.5 4.85| 815| 6.7 5.65 50
415 4.25( 4.05) 3.65] 3.7 3.65| 3.55| 4.8} 7.95| 6.7 55 5,05
4.2 4.2 4,05| 3.65| 3.9 3.7 3.6 4.8 7.95| 6.65| 5.6 5.0
4,15 | 4.2 4,05} 3.6 3.951 3.7 | 3.6 4.8 7.9 6.6 5.7 5.05
4.1 4.2 4.05] 3.6 3.9 3.7 | 3.7 4.65| 805| 6.55| 58 4.75
4.05 | 4.2 4,05 3.6 3.95 3.7 | 3.7 4.7 8.1 6.6 5,75 4.6
4,05 4.25| 3.95| 3.6 4.0 3.7 | 3.8 4.8 8.0 6.5 5.75 4.65
4.1 4.3 3.95] 3.65] 4.0 3.8 3.9 4.9 7.9 6.45 | 5.8 4.75
4056 4.35| 3.95}| 3.65| 4.1 3.8 | 4.0 5.1 7.85| 6.3 5.6 4.8
415| 4.35| 3.85| 3.65| 4.15| 3.8 | 4.4 5.0 7.8 6.15 | 5.7 4.8
4.2 435| 3.85{ 3.65| 4.25| 3.8 | 4.55| 5.1 7.55| 6.0 5.6 4.7
4.25 | 4.4 3.8 3.6 4.2 3.8 4.9 5.3 7.4 5.85 | 6.75 4.7
4.3 4.35| 3.851 3.6 4.1 3.9 5.4 5.5 7.4 5.9 5.5 4.7
4.4 4.35| 3.8 3.6 4.0 3.95| 5.7 5.5 7.15| 5.8 | 54 4.6
4.35| 4.35| 3.8 3.6 3.85| 3.95| 56 5.5 7.1 5.8 5.35 4.6
4,35 | 4.3 3.8 3.65] 3.9 4.0 5.45 | 5.6 7.1 5.85 | 5.25 4.6
4.4 4.3 3.8 3.5 3.8 3.95| 5.3 5.7 6.95| 5.8 | 53 4.6
4.4 4.3 3.8 3.5 3.7 3.9 5.4 5.8 6.9 5.85 | 525 4.6
4.4 4.3 3.8 3.45 | 5.7 3.9 525 6.3 6.95| 5.9 5.25 4.5
4.35 | 4.3 3.8 3.4 3.6 3.8 | 51 6.55| 6.8 5.8 | 5.25 4.5
4.3 425 | 3.75| 3.35| 3.656| 3.75| 505 7.1 6.9 5.95| 5.3 4.4
4.3 4.25| 3.7 3.35| 3.6 3.65( 51 7.4 7.15| 5.8 | 5.25 4.4
4.4 4,251 3.7} 3.35| 3.6 3.7 5.1 8.0 7.5 5.9 5.35 4.4
4.35| 4.2 3.7 1 3.4 |..ca... 3.7 5.0 8.25 | 7.45| 5.9 5.3 4.4
4.35| 4.2 3.7 3.4 foo..... 3.66 { 4.9 8.2 7.2 5.9 5.25 4.3
4.35 |....... 3.7 3.4 |....... 3.65 |-...... 84 |-...... 566 5.1 |[.......

Nore.—Discharge relation probably affected by ice about Feb. 6-24, 1913.

Dmly discharge, in second-feel, of St. Mary River below Swiftcurrent Creek at Babb, M tmt.,
for the year ending Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
95 95| 657 4,200 2, 1,120 730
82 95 657 | 4,340 | 2,720 | 1,120 696
108 95 657 | 4,340 | 2,530 | 1,120 606
108 95 689 | 4, 2,280 | 1,120 730
122 82 595 | 4,060 | 2,100 | 1,160 730
122 70 626 | 4,060 | 2,160 | 1,120 630
1 82 626 | 3,780 | 2,160 l,ggg 663
137 95 595 | 3,780 | 2,100 | 1, 630
137 95 595 | 3,710 | 2,040 | 1,160 663
137 122 508 | 3,920 § 1,980 | 1,250 481
137 1221 536 3,900 | 2,040 | 1,210 400
137 152 595 | 3 1,930 | 1,210 428
152 184 657 1 3,710 | 1,880 | 1,300 481
168 218 787 0 | 1,720 | 1,080
168 382 721 ) 3,570 | 1,570 | 1,160 509
168 456 787 | 3,240 | 1,430 | 1,080 453
152 657 925 1 3,050 | 1,300 | 1,210 453
184 995 | 1,070 | 3 1,340 995 453
201 11,230 | 1,070 | 2,720 | 1,300 | 914 400
201 | 1,150 | 1,070 | 2, 1,250 | 876 400
218 1,030 | 1,150 | 2 1,300 | 802 400
20 925 | 1,230 | 2,470 | 1,300 | 838 400
184 995 | 1,310 | 2,410 | 1,300 802 400
184 1,750 | 2,470 | 1,340 802 350
152 787 | 2,020 | 2,200 | 1,300 802 350
137 754 | 2,660 | 2,410 | 1,380 | 838 303
108 787 1 3,050 | 2, 1,300 802 303 .
122 787 | 3,850 | 3,180 | 1,340 876 303
122 721 | 4,200 | 3,120 | 1,340 838 303
108 657 | 4,130 | 2,790 | 1,340 802 260
108 |-...... 4,410 |.. oo | 1,120 696 |.......

NorE.—Daily discharge computed as follows: Previous to Nov. 25 and after Dec. 31, 1912, from well-
deﬁned rating curves based on discharge measurements that do not mclude the flow in the Swiftcurren

channel; Nov, 25 to Dec 31, 1912, from a well-defined rating curve based on measurements thnt

include the flow in Swiftcurtent overflow channel. = Discharge Feb. 6-24, 1913, esttmated, because of ice,

from gage heights and climatic mcrds, at 150 second-foet. .
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Combined daily discharge, in second-feet, of St. Mary River and Swiftcurrent Creek

HUDSON BAY DRAINAGE AREA,

at Babb, Mont., for the year ending Sept. 30}, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

1 334 |- 361 307 122 46 95 95 723 | 4,410 | 2,910 | 1, 736
2 312 359 307 108 46 82 95 723 | 4,540 | 2,820 | 1,14 702
3 3121 359 | 307 108 70 108 95 723 | 4,550 | 2,610 | 1,14 702
4 311 357 285 108 96 108 95 759 | 4,260 | 2,350 | 1 736
5 311 356 285 108 95 122 82 661 | 4,250 | 2,170 | 1,18 736
6 289 332 285 108 (ag 122 70 692 | 4,250 | 2,210 | 1,14 636
7 289 | 330 | 242 108 | (e 108 688 | 3,950 | 2,210 | 1 669
8 310 [ 308 242 108 | (@) 137 95 653 | 3,950 [ 2,150 | 1 634
9 289 307 242 95 u; 137 95 645 | 3,890 | 2,080 | 1,19 667
10.. 267 | 306 242 95| (s 137 122 558 | 4,080 ) 2,030 | 1 485
11 247 308 242 95 (u; 137 122 586 | 4,150 | 2,080 | 1 404
247 332 203 95 Eﬂ 137 152 661 | 4,020 | 1,970 | 1,24 430

267 357 1 203 108 | (a 152 192 731 13,870 1 1,920 | 1 485

248 | 385| 203| 108| (e 168 | 232 | 877 !3,800 | 1,760 | 1 510

201| 389 | 167| 108| (e 168 | 417 | 819 | 3,700 | 1,600 | 1 511

316 393 167 108 (a; 168 522 889 (3,360 | 1,450 | 1 456

342 | 420 167 95 | (a 152 731 11,030 | 3,170 | 1,320 | 1 457

369 | 39 167 95| (a) 184 | 1, 1, 3,160 | 1,360 { 1 459

423 | 396 | 150 95| (a) 201 | 1,330 | 1, 2,830 | 1,310 | 9 406

399 | 39 150 95 ( (a) 201 | 1,260 | 1,200 | 2,780 | 1,260 406

399 372 150 108 (uz; 218 | 1,140 | 1,280 | 2,780 { 1,310 406

420 372 150 Ea 201 | 1,010 | 1,370 | 2,590 | 1,310 406

420 | 365 150 70| (a) 184 | 1,080 | 1,470 | 2,510 | 1,310 408

24 417 361 150 58| (o) 184 1,920 | 2,570 | 1,350 358
25 393 356 150 46 95 152 861 | 2,200 | 2,390 | 1,310 360
26 365 332 134 137 836 | 2,850 | 2,500 | 1,390 313
2 365 | 332 134 108 | 869 | 3,270 | 2,830 | 1,310 313
28 4131 332| 134 122 | 86514, 3,320 | 1,360 307
29 380 | 307 | 134 122 | 795 | 4,410 | 3,240 | 1,360 309
30 389 | 307 | 118 108 | 727 | 4,340 | 2,920 | 1,370 266
31 385 |....... 118 108 |....... 4,610 |....... 1,140 | T4 |.......
a Mean discharge TFeb. 6-24 estimated 150 second-feet; see footnote to table of daily discharge for

Swifteurrent Creek.

Monthly discharge of St. Mary River and Swiftcurrent Creek overflow at Babb, Mont., for
the year ending Sept. 30, 1913.

|Drainage area, 298 square miles.]

Discharge in second-feet. Run-off.
Month. per | Depthinm| iy
. <. inches on o :
Maximum, | Minimum, | Mean. sguthge drainage | acre-fept.
area.
131 20, A.
1.32 21, B.
.76 12,100 | B.
.33 3 C.
.45 7,110 | C.
.58 8, B.
2.01 32, B.
5.96 94, A.
13.05 208, A.
6.77 108, B.
3.99 63,300 | B,
1.83 29,100 | B.
38.34 610,000
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ST. MARY RIVER NEAR KIMBALL, ALBERTA.

Location.—In the SW. 4 sec. 25, T. 1, R. 25 W. fourth meridian, about 1 mile above
the dam and headgate of the Alberta Railway & Irrigation Co., and about 1 mile
southwest of Kimball.

Records available.—January 1 to September 30, 1913. Records were obtained at
Cook’s ranch (St. Mary River near Cardston), about half a mile north of the
boundary line and about 5 miles above this station, from September 4, 1902, to
December 31, 1912. Records were also obtained by the Irrigation Branch,
Department of the Interior, Canada, at a point about 3,000 feet below the present
station, from 1905 to 1912. The flow at the three points is practically the same.

Drainage area.—472 square miles at present station; 452 square miles at Cook’s
ranch. '

Gage.—Friez water stage register. Winter records are obtained from the staff gage
at the Canadian station about 3,000 feet downstream.

Channel and control.—Shifting.

Discharge measurements.—Made from cable about 3,000 feet downstream or by
wading.

Diversions.—None above gage.

Winter flow.—Affected by ice.

Accuracy.—Estimates reliable.

Cooperation.—Station maintained jointly with the Irrigation Office, Department of
the Interior, Canada, during 1913.

Discharge measurements of St. Mary River at Kimball, Alberta, during the year ending
Sept. 80, 1913.

Date. Made by— ot | s, | Date. Made by— hored. | chacge.

Feet. | Sec.-fi.

June 13 574|415
. y

5.45| 3,99

July 493| 304

366 | 1,354

371 | 1,450

Aug. 356 | 1,283
. td

20 3.28| 1,060

28 3.04| 855

Sept. 2.55| 550

2 b2.35| 468

o Gage heights Jan. 13 to Apr. 25 refer to staff gage at the cable.
b Gage heights May 4 to Sept. 24 refer to the automatic gage.
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Daily gage height, in feet, of St. Mary River at Kimball, Alberta, for the year ending Sept.
30, 1913. :

[J. M. Dunn, observer.]

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July.

Aug. Sept.
3.00| 2.45| 2.55| 236 2.76 | 6.05 5.29 3.54 2.98
3.00| 2.65| 255 237 2.74 6.09 5.24 3.53 2.98
3.00| 28| 255| 238 2.70 6.07 5.12| 3.59 2.93
3.00 | 2.85 265 2.38 2.68 6.06]| 4.94| 3.60 2.94
3.20 2.70 2.70 2.43 2.65 6.01 4.81 3.59 2.86
3.40 2.70 275 253 2.62 599 | 471 3.57 2.86
3.30 2.80 2.80 2.63 2.60 5.81 4,65 3.55 2.74
3.3 | 2.9 2.95 2.64 2.62| 5.83 4.58 ¢ 3.64 2.70
3.40 | 2.80 2.95 2.94 2.64 5.82 453 3.82 2.60
3.43 2.82 2.95 3.06 2.57 5.86 4.47 3.96 2.56
3.50 | 2.82| 295 3.19 2.71 5.98 4.47 3.86 2.46
3.55 2.85 2.87 3.19 2.89 6.07 4.45 3.78 2.38
3.45 2.85 2.80 3.54 3.02 5.89 4.37 3.72 2.37
3.60] 290| 28| 3.04 3.09 5.79 4.24 | 3.69 2.34
3.60| 3.00| 285 2.05 3.0 | 5.67 4.06 | 3.65 2.35
290 3.00| 2.90 1.65 3.18 5.55| 3.91 3.53 2.40
1.98] 3.00f 290 3.45 3.24 5.56| 3.78 3.45 2.43
1.90 3.00 2.86 3.50 3.37 5.55 3.70 3.40 2.47
200 3.00| 291 3.50 3.45 5.56| 3.66| 3.33 2.50
2.06 3.00| 281 3.55 3.33 5.56| 3.62| 3.24 2.53
2.81 2.99 3.30 5.43 3.65 3.18 2.49
2.79 2.98 3.42 5.02 3.68 3.1 2.51
2.68 2.86 3.7 4.97 3.67 3.07 2.47
2.62| 2841 400| 49| 3.66| 3.03 .36
2.57 2.90 4.32 4.92 3.69 3.02 2.37
2.57 2.90 4.66 5.12 3.89 3.04 2.26
2.67 2.96 5.15| 5.42| 3.84| 3.02 2.20
2.42 2.93 5.17 5.65 3.75 3.02 2.20
2.32| 2.87 5.92 5.58 | 3.70 3.01 2.18
2.32 2.81 6.01 5.41 3.71 3.00 2.19
2.35 |........l 6.00|........ 3.62 3.00 |........

Nore.—Gage heights Jan. 1 to Apr. 20 read on staff gage at cable. Discharge relation was atfected by
fce Jan. 1 to Apr. 16.

Daily discharge, in second-feet, of St. Mary River at Kimball, Alberta, for the yeor ending
Sept. 30, 1918.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
135 238 | 1,020 5,320| 3,620 1,270| 816
137 250 | 1,004} 5,380 3,530 | 1,260 816
148 263 980 | 5,350 | 3,340 | 1,310 781
160 277 968 | 5,340 | 3,060 [ 1,320 788
172 293 950 | 5,260 | 2,860 [ 1,310 732
186 309 932 | 5,220 2,710 [ 1,200 732
200 324 020 | 4,940 | 2,620 | 1,270 654
210 343 932 | 4,970 | 2,520 [ 1,360 630
216 365 044 | 4,950 | 2,450 | 1,530 570
218 392 902 | 5,020 2,360 1,690 550
219 418 986 | 5,210 | 2,360 } 1,580 500
219 | . 450 | 1,100} 5,350 | 2,330 | 1,490 461
218 500] 1,210 | 5,060 2,220 | 1,430 456
216 5801 1,260 4,800} 2,040 | 1,400 443
209 700 | 1,260 | 4,600 | 1,810 | 1,360 448
198 910 | 1,340 | 4,400 | 1,630 | 1,260 470
191 1,120 | 1,400 4,380 | 1,490 | 1,180 485
188 [ 1,180 | 1,520 | 4,340 | 1,410 | 1,140 505
187 | 1,180 | 1,600 | 4,330 | 1,360 | 1,080 520

. 185 | 1,240 | 1,480 { 4,310 | 1,340 | 1,010 535
183 | 1,180 | 1,450 | 4,000 | 1,360 964 515
180 | 1,170 | 1,570 | 3,460 | 1,390 908 525
178 | 1,080 | 1,900 [ 3,360 | 1,380 879 505
177 1,070 2,270 | 3,240 | 1,360 851 452
177 | 1,110 2,720 | 3,240 | 1,400 844 456
180 | 1,110 | 3,190 | 3,520 { 1,610 858 407
1871 1,160 | 3,920 [ 3,950 | 1,550 844 380
196 | 1,130 | 3,950 | 4,250 | 1,460 844 380
205 | 1,090 | 5,110 | 4,110 1,410 837 372
215 | 1,050 [ 5,260 | 3,820 | 1,420 830 376
226 |oenen.. 5,240 |........ 1,340 | 830 |........

Nore.—Discharge determined as follows: Jan. 1 to Apr. 16, estimated from current-meter measurements;
Apr. 17-20, from ratlnf curve for staff m Apr. 21 to June 13 and July 15 to Sept. 30, from two well-d
rogmg ourves; June 14 to July 14, by ect methods for shiftinig chantiel,



26" SURFACE WATER SUPPLY, 1913, PART V.

Monthly dzscharge of St. Mary River at Kimball, Alberta, for the year endmg Sept. 80,

1913.
[Drainage area,472 square miles.]

~ Discharge in second-feet. Run-off

(depth in

Month. Per inches on

Maximum. | Minimum. | mean. | square dgaminage)

mile. 4

JANAry . .. 202 95 158 0.335 0.386
February. .. 146 101 129 .273 .284
March.. 226 135 191 405 .467
April.. 1,240 238 749 1,587 771
;R 5,260 902 1,912 4.051 4,671
June.. .. ...l 5,380 3,240 4,519 9. 574 10. 681
July. . oo 3,620 1,340 2,024 4,288 4.944
August.. ... ..., PO 1,690 830 1 162 2. 462 2.838
September. . ....ocoiiiiiiiiiiaaann. P, 816 372 2 1,148 1.281

SWIFTCURRENT CREEK AT MC¢DERMOTT LAKE, MONT.

Location.—In sec. 12, T. 35 N., R. 16 W., at outlet of McDermott Lake, about 14
miles southwest of Babb, Mont.

Records available.—June 6, 1912, to September 30, 1913.

Drainage area.—31.4 square miles.

Gage.—Vertical staff attached to post on left bank at the lake outlet.

Channel and control.—Channel practically permanent. The control is a limestone
reef at the lake outlet.

Discharge measurements.—Made by wading or from a cable across the outlet.

Winter flow.—Station not maintained during winter. Ice exists at the gage, but
control section probably remains unobstructed.

Accuracy.—Rating curve for the year ending September 30, 1913, well defined below
700 second-feet. At gage height 3.0 feet the revised rating curve gives discharges
about 10 per cent less than those published in Water-Supply Paper 325.
Estimates for June and July, 1912, for stages above 2.5 feet should .be therefore
revised by persons having oceasion to use them. Gage heights during low water
may be affected by action of wind on the lake and therefore may not represent
the mean flow for the day.

Discharge masurements of Swifteurrent Creek at McDermoit Lake, Mont., during the year
ending Sept. 30, 1913.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || P3te. Made by— heizit. charge.
Feet. Secz.éﬂ. Feet. Sec.g;]
Dec. 15| W. A. Lamb........... 1.39] e July 30 | W.A.Lamb._......... 2.39
$) SO A AR 1 (1 eppaey [ ug. 22 | Lamb and Boyt.......
Ap 1 do 587 || Aug. 22 | Lamb and Hoyt. 2.13 122
June 26 |..... L 1+ D, 2.93 456

o Ice at gage and along shores; control not obstructed; measurement made by wading.
b Discharge relation affected by ice.
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Daily gage height, in feet, of Swiftcurrent Creek at MecDermott Lake, Mont., for the year
ending Sept. 30, 1913.

[G. L. Roberts and F. M. Stevenson, observers.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. { June.
1.8 1. 3.6
1.8 1. 3.65
1.8 1. 3.5
L8| 1. 3.5
1.8 L 3.55
[, 1.8 1.8 3.5
SO 1.8 1.8 3.5
- B 1.8 1.8 3.6
[ I 1.9 |....... 3.5
| 1L9)...... 3.5
...................... 3.6
...................... 3.5
...................... 3.5
...................... 3.5
...................... 3.45
...................... 3.45
..................... 3.35
...................... 3.36
...................... 3.2
...................... 3.35
...................... 3.25
...................... 3.15
..................... 3.05
...................... 3.0
2.95
2.95
3.05 |.
3.55 |.
3.5 |.
3.45

Daily discharge, in second-feet, of Swifteurrent Creek at McDermott Lake, Mont., for the
year ending Sept. 30, 1918.

Day. Oct. | Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

NOTE.—Daigr discharge computed from a rating curve well defined between 21 and 693 second-feet (§a§e
ts 1.3 and 3.4 feet). Discharge interpolated for days on which was not read. Discharge July
eé-estl, 1913, estimated, by comparison with records of Swiftcurrent Creek at Sherburne Lake, at 270 second-
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Monthly discharge of Swiftcurrent Creek at McDermott Lake, Mont., for the year ending
Sept. 30, 1913.

[Drainage area, 31.4 square miles.]

Discharge in second-feet. Run-off.
; Accu-
Month. Depth in
Per h racy.
. T
Maximum. | Minimum. {- Mean. sgll];laér lgfgfggg acgg-afleeig
g area.
October 84 68 69.0 2.20 2.54 4,240 | B
November 1-8. 68 68.0 2.17 .65 1,080 | B
May 16-31 1,150 84 538 17.1 10. 18 17,100 | B
June...... 472 687 219 24,43 40,900 | B
JOIY e e 316 10.1 11.64 19,400 | B
Augost. .. ..ooiiiiiiiilll 246 146 192 6.11 7.04 11,800 | B
eptember. ..........o...... ,
Septemb 141 76 113 3.60 4,02 6, B

SWIFTCURRENT CREEK AT SHERBURNE LAKE, MONT.

Location.—In sec. 35, T. 36 N., R. 15 W, at outlet of lower Sherburne Lake, just
above boundary line between Glacier National Park and Blackfeet Indian Reser-
vation.

Records available.—July 1, 1912, to September 30, 1913.

Drainage area.—64.0 square miles.

Gage.—Vertical staff on left bank near the outlet of the lake.

Channel and control.—Apparently permanent.

Discharge measurements.—Made by wading or from a cable below the gage.

Winter flow.—Affected by ice.

Diversion.—None above the station.

Accuracy.—Accuracy of gage heights may be affected by wave action on the lake.

Discharge measurements of Swiftcurrent Creek, at Sherburne Lake, Mont., during the year
ending Sept. 30, 1913.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge, || D8te- Made by— height. | charge.
Feet. Sec.ﬁb
Dec. 15 July 30 | W. A, Lamb........... 3.98
June 1(13 Sept. 15 |..... [« | P, 2,73 99
2

a Measurement made from ice.
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Daily gage height, in feet, of Swiftcurrent Creck at Sherburne Lake, Mont., jor the year
ending Sept. 30, 1913.

[F. M. Stevenson, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.39 1 2.30 3.2 (S S P 3.9 3.1
2.32 1 2.33 3.0 [ 7.0 | 6.2 {ieeeiiifirnnnn.
2.26 | 2.36 2.85) 6.8 | 47 |.......] 3.1
2.20 | 2.40 2.8 6.7 feeunecnes 3.95 |.......
2,26 2.5 2.7 | 6.6 | 45 |....... IO
2.28 2.6 2.7 6.5 f[....... 4.0 3.1
2.32| 2.7 |. 2.7 6.4 4.45 |oeomiafaeann.
2.45 | 2.7 2.7 Jeeeen]ennnnn 4.1 3.05
2.7 2.75 2.7 6.3 4.4 Jeooriiidinennan
2.95| 2.75 357 ORI R 4.05 3.0
295 | 2.8 |eeiiiieemnidiiiiiideeii] 8851 61 oLl eeiiilbieais
2.8
2.85
2.8
2.8
2.7

N PP
0
&

FOICHT PREER CORTY B
o

3. 2.9
2.

3. 2.6
2. 2.49
2. 2.65
2. 2.55

1O PO RO DO MO

Daily discharge, in second-feet, of Swiftcurrent Creek at Sherburne Lake, Mont., for
the year ending Sept. 30, 1913. .

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
80 76 318 151
77 72 319 151
72 69 324 151
74 66 328 151
75 69 334 151
i 70 340 151
78 72 353 148
76 80 366 144
7 103 360 141
77 132 353 138
76 132 346 136
75 114 340 134
73 120 132
69 114 340 129
70 114 340 126
76 103 340 112
84 88 328 98

120 80 315 93
138 84 290 89
138 103 266 84
144 126 229 86
132 114 192 88
144 93 179 90
120 83 166 91
114 98 163 93
93 88 161 88
88 78 158 84
93 76 156 84
103 72 153 84
93 70 151 84
88 [.oeee-. 181 |.......

Note.—Daily discharge computed from a rating curve well defined between 84 and 1,450 second-feet
(gage heights, 2.5 and 7.0 teet&. : .

Discharge interpolated for days on which gage was not read. Estimates for October, November, and
December, 1912, differ from those published in Water-Supply Paper 325 because of revision of low-water
section of the rating curve,
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Monthly discharge of Smﬁcuwmt' Creek ot Sherburne Lake, Mont., for the year ending
Sept. 30, 1913.

[Drainage area, 64.0 square miles.]

Discharge in second-feet. Run-off.
Month. Per | Depthin I v
Maximum. | Minimum. | Mean. square i ogn aTcoxr tal” vy
- area.

144 69 93.4 1.46 1.68 5,740 | B.

132 66 92.0 1.4 1.61 5,470 | B.

71 47 62.0 . 969 .54 1,840 | C.

1,850 103| 516 8,06 9.29 31,700 | B.
1,500 853 | 1,070 16.7 18.63 63,700 | B.
1,140 243 430 6.72 7.7 26,400 | B.

3 151 274 4.28 4.93 16,800 | B.

151 84 116 1.81 2.02 6,900 | B.

OTTERTAIL RIVER NEAR FERGUS FALLS, MINN.

Location.—At Threemile Bridge, 3% miles northeast of Fergus Falls, between secs.
18 and 19, T. 133 N., R. 42 W., several miles above the outlet of Wall Lake and 20
miles below Ottertail Lake, through which the river flows.

Records available.—May 9, 1904, to October 22, 1913. A gaging station was main-
tained from May 1, 1899, to May 14, 1904, by the Engineer Corps, United States
Army, at the outlet of Ottertail Lake, where the drainage area is about 12 per cent
less than at the Geological Survey station, with no important tributaries inter-
vening. The observations at Fergus Falls in connection with those at the outlet
of Ottertail Lake furnish a 14-year record of flow of the river below Ottertail Lake.
A concrete dam has been built about 500 feet below the gage for the purpose of
diverting water into a power canal. Backwater from this dam appeared at the
gage about October 4, 1913. The station was therefore discontinued on October
22, 1913, and reestablished on October 29, 1913, about 5 miles above the old site.

Drainage area.—1,310 square miles.

Gage.—Chain attached to the bridge; read once daily to half-tenths. Limits of use:
Half-tenths below and tenths above 4.0 feet.

Channel and control.—Practically permanent.

Discharge measurements.—Discharge measurements are made from the bridge
except at extreme low stages, when they are made at a wading section.

Winter fiow.—The river is frozen over from December to March and measurements
are made to determine the winter flow.

Regulation.—Ottertail Lake, about 22 square miles in area, forms a natural reservoir
which regulates the flow of the river to such an extent that the recorded range of
stage has not exceeded 2 feet. On the upper part of the river are a number of
dams used in driving logs to the sawmill at Frazee, where the lowest dam is built.
The next dam below Frazee is at Maine, several miles below Ottertail Lake,
about sec. 35, T.134 N., R. 41 W. During the low-waterseason the closing of the
turbine gates at Maine may have an effect on the flow immediately below the dam.
Small lakes through which the river flows before reaching the gaging station
tend to equalize the flow at the latter point. Below the station there are a number
of power plants, but owing to the fall of the river their influence is not observable

at the gage.
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Note.—Discharge relation affected by ice about Nov. 30, 1912, to Apr. 11, 1913, and by backwater from

the dam about Oct, 4-22, 1913, See ‘‘ Gage” in station description.
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Daily discharge, in second-feet, of Ottertail River near Fergus Falls, Minn., for the year
ending Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | -Apr. | May. | June. | July. | Aug. | Sept.

236 255 236 201 274
236 255 236 201 274
236 274 236 201 357
236 274 607 201 357
236 274 726 201 336

236 274 607 201 316
255 274 526 201 315
255 274 449 201 499
255 255 449 201 499
255 255 402 201 499

255 255 402 184 474
255 236 357 184 449
255 236 315 184 449

a Estimated.

. Nore.—Daily discharge computed from a well-defined rating curve. Discharge estimated, because  of
ice, from gage heights, observer’s notes, discharge measurements, climatic records, as follows: Dec. 1-31,
164 second-feet; Jan. 1-17, 112 second-feef; Jan, 18-31, 92 second-feet; Feb. 1-19, 80 second-feet; Feb. 20-28,
70 second-feet; Mar, 1-31, 130 second-feet; and Apr. 1-11, 150 second-feet.

Discharge for the period Oct. 1-22, 1913, estimated as follows: Oct. 1, 255 second-feet; Oct. 2 and 3, 274
second-feet; and Oct. 4-22, 318 second-feet. See ‘‘ Gage” in station description.

Monthly discharge of Ottertail River neat Fergus Falls, Minn., from Oct. 1, 1912, to Oct. 22,
19

[Drainage area, 1,310 square miles.]

Discharge in second-feet. Run-off.
Month. per | Depthim | Eay
N s inches on otal m *
Maximum. | Minimum. { Mean. sgll}iage drainage | acre-feet.
N area.
October, 1912............... 201 168 193 0.147 0,17 11,900 | A,
November.................. 236 168 201 .153 17 12,000 | A.
164 125 .14 10,100 | B.
103 079 .09 6,330 | C.
76.8 059 .06 4,270 | C.
130 099 A1 7, C.
180 137 .15 10,700 | C.
266 203 .23 16,400 | B.
243 .185 .21 14,500 | B.
322 246 .28 19,800 | B.
261 .199 .23 16,000 | B.
359 274 .31 21,400 | B.
209 . 160 2.15 151, 000
311 2237 .19 13,600 | B.
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RED RIVER AT FARGO, N. DAK.

Location.—At the highway bridge connecting Front Street, Fargo, N. Dak., with
Moorhead, Minn., 10 miles above the mouth of Sheyenne River.

Records available.—May 27, 1901, to September 30, 1913.

Drainage area.—6,020 square miles.

Gage.—Vertical staff attached to the breakwater for the center pier of the Front
Street Bridge; read from the bridge or the river banks by the aid of a field glass.

Channel and control.—Clay and silt; slightly shifting.

Discharge measurements.—Made from the Front Street Bridge and the Northern
Pacific Railway bridge.

Winter flow.—Discharge relation affected by ice from about the middle of Novem-
ber to the first of April; observations discontinued. At the spring break-up on
account of the comparatively sluggish current and the fact that the river flows
northward into a colder district, a pronounced backwater effect is usually caused
by ice jams and partial ice jams.

Regulation.—There is a low dam of steel sheet piling a few rods below the foot-
bridge at Fargo Waterworks, one-half mile above the gage. This dam, a tight
overflow weir without sluices, was built in August, 1910, for the purpose of main=-
taining a sufficient depth of water for the intake pipe of the waterworks, ‘and
raises the water about 5 feet at lowest stage. Conditions of flow at the gage are
not affected by this dam.

Accuracy.—Because of the inaccessibility of the gage, the relatively poor conditions
for making accurate discharge measurements, and the slightly shifting channel,
records can not be rated better than fair.

Discharge measurements of Red River at Fargo, N. Dak., during the year ending Sept. 30,
191

3.
Gage Dis- Gage | Dis-
Date. Made by. height. | charge. Date. Made by. height. | charge.
Feet. | Sec.ft. Feet. | Sec.-ft.
Oct. 30 | W. B, Stevenson....... 7.53 228 || Aug. 23 | W. B, Stevenson....... 8.88 524
June 2{..... L 1 S 8.31 336 |} Sept. 11 |..... L 1 P, 8.91 568
Aug. 91]..... L6 1, 7.28 172

91388° —wsP 355—15——3
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Daily gage height, in feet, of Red River at Fargo, N. Dak., for the year ending Sept. 30,
1913.

[E. H. Grasse, observer.]

Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
8.0 7.7 8.6 7.9 8.2 81 7.9 7.6
7.9 7.6 8.8 7.9 8.2 8.5 7.8 7.4
7.9 7.7 8.8 7.9| 83| 88| 7 7.4
7.8 7.7 8.9 80| 83| 90 7.4 7.5
7.7 7.8 9.0 8.1 8.3 9.4 7.3 7.7
7.6 7.7 9.1 8.1 82| 10.8( 7.2 8.0
7.6 7.5 9.2 8.0 8.2 11.4 7.2 8.2
7.7 7.4 9.2 79| 82| 1.9 7.2 8.4
7.7 7. 9.0 8.0 8.2 11.8 7.1 8.5
7.7 7.5 8.8 8.0 821 1.7 7.2 8.9
7.6 7.6 87| 80{ 83| 1.1 7.2 9.0
7.6 7.6 85| 80| 83| 10.6| 7.3 9.1
7.6 7.5 8.6 8.0 8.2 9.9 7.3 9.3
7.6 7.4 8.8 8.1 82| 97 7.4 9.5
7.7 7.3 10.0| 8.1 81 9.5 7.4 9.7
7.7 7.2 9.6| 82| 80| 92 7.3 9.9
7.7 7.1 9.3} 83 7.9 9.1 7.4 9.7
7.6 7.1 8.5 8.3 7.9 8.5 7.5 9.1
7.5 7.2 8.2 8.3 8.0 8.2 7.6 8.6
7.5 7.3 8.2{ 83 8.0| 82| 79 8.4
7.6 7.4 8.1 8.4 8.0, 8.2 8.1 8.3
7.6 7.4 8.0 8.4 8.0 8.1 8.6 8.2
7.6 7.4 8.0 8.5 8.0 8.1 8.9 8.0
7.6 7.3 8.0| 86| 81| 8.1 8.8 7.9
.5] .2 7.9| 86| 81 8.1 8.7 7.9
7.5 7.0 7.91 85| 81| 81| 8.6 7.9
7.5 6.9 7.9 8.5 8.1 8.0 8.4 7.9
7.5 7.0 8.0 8.4 8.0 8.0 8.2 8.0
7.5 7.0 8.0 8.4 8.0 8.0 8.0 8.0
7.6 7.1 7.9 8.4 7.9 7.9 7.9 8.0
76| e o] Bl L5 2 F, 8.0 7.8 |oeceen

Nore.—Discharge relation affected by ice about Nov. 19, 1912, to Mar. 31, 1913,

Daily discharge, in second-feel, of Red River at

Fargo, N. Dak., for the year ending Sept.
3.

80, 191

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
290 358 335 290 227
290 3568 430 268 190
290 382 508 247 190
312 382 565 190
335 382 685 173 247
335 358 | 1,120 157 312
312| 3581, 157 358
200 | 358 (1,460 | 157 406
312 358 | 1,430 142 430
312 | 358 |1,400 | 157 536
312 382 11,210 157 565
312 | 382 1,060 173 595
312 358 9 173 655
335 358 777 190, 715
335 | 33| 715 190 77
3581 312 625( 173
382 290 595 190 777
382 290 430 208 595
382 312 358 227 455
382 312 358 290 406
406 | 312 | 358 335 382
406 312 335 455 358
430 312 335 536 312
455 335 335 508
455 335 335 481 290
430 335 335 455 290
430 | 335| 312| 406 290
406 | 312 | 312 | 358 312
406 312 312 312 312
406 [ 200 290
382 |....... 312 | 268).......

Nore.~—Daily discharge computed from two fairly well defined rating curves.

because of ice from Nov. 19 to Dec. 7, 1912.

Discharge estimated
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Monthly discharge of Red River at Fargo, N. Dak., for the year ending Sept. 30, 1913.

Discharge in second-feet.
Month. ‘?ggs‘,"
Maximum. | Minimum. | Mean.

326 220 248 B

282 78 182 C.

93 64 76.3 | D

870 290 461 C.

455 290 361 C.

382 290 339 [0

1,460 290 68 | B

536 142 270 A

839 190 421 B

RED RIVER AT GRAND FORKS, N. DAK.

Location.—At the Northern Pacific Railway bridge between Grand Forks, N. Dak.,
and East Grand Forks, Minn., about half a mile below mouth of Red Lake River.

Records available.—May 26, 1901, to September 30, 1913. Gage-height records
have, however, been kept by the United States Engineer Corps for about 30 years
at this point.

Drainage area.—25,000 square miles.

Gages.—Staff and chain, attached to Northern Pacific Railway bridge. As a rule
the chain gage is read only during periods of extremely low water. The United
States Engineer Corps gage is on the breakwater to which the United States Geo-
logical Survey staff gage is attached, but at a datum 5 feet higher.,

Channel and control.—Clay and silt; shifts slightly.

Discharge measurements.—Made from the Great Northern Railway bridge about
one-fifth mile above gage.

Winter low.—The river flows under smooth ice from about the middle of November
to the middle of April; the flow during the winter fluctuates little, and since
1895 enough discharge measurements have been made each winter to give fairly
satisfactory summaries for the winter.

When the ice breaks up in the spring, because the river has only a gentle cur- -
rent and because it flows north into cooler regions where the river is not yet open,
the gage reading is usually excessively and disproprotionately high for a few
days or weeks, so that the figures for quantity of flow must depend largely on
estimation; actual measurements when the river appeared entirely open and
clear of ice at this point have sometimes shown the gage reading to be 5 feet
greater than would have been needed for the same discharge later in the season,
after the whole length of the river was entirely open.

Regulation.—There are no dams or other obstructions below, nor rapids, the chan-
nel being fairly uniform for miles. Above there are no power plants, dams,
or reservoirs affecting the flow nearer than Crookston, on Red Lake River, 25
miles above Grand Forks, along the general course of the valley; about half the
water comes from Red Lake River, but the storage at the Crookston plant is so
small that-no fluctuations caused by it have been discovered at Grand Forks.
On the other branch, the Red River proper, and its tributaries above Grand
Forks, there are no reservoirs or power plants for a hundred miles above.
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Daily gage height, in feet, of Red River at Grand Forks, N. Dak., for the year ending Sept.
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NotE.—Discharge relation affected by ice about Nov. 19, 1912,
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-feet, of Red River at Grand Forks, N. Dak., for the year ending
Sept. 30, 1913.

Noy. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
855

820

752

686

654

622

591

560

560

654

998

1,260

1,500

1,460

1,420

1,380

1,500

1,630

1,670

686 | 1,590
686 | 1,460
654 | 1,300
654 | 1,150
752 | 1,030
890 962
1,030 890
1,110 820
1,110 752
1,110 686
1,070 654
962 |.......

NoOTE.—Disc!

measurements,

harge determined from two curves, the first applicable from Oct. 1-20, 1912, and well de-
fined above 1,000 second-feet| and fairly well defined between 600 and 1,000 second-feet; the second applicable
from Nov. 1 to 18, 1912, and Apr. 13 to Sept. 30, 1913, and well defined above 800 second-foet. ggu’ftmg—
gh&rmel method used from Dct. 21 to 31, 1912. Mean discharge for periods affected by ice estimated from

observer’s notes, and weather reports, as follows: Nov. 19-30, 650 second-feet;

harge
Dec. 1-31, 1912, 422 second- eet; Jan. 1-31, 1913, 318 second-feet; Feb. 1-28, 233 second-feet; Mar. 1-31, 282
second-feet; and Apr. 1-12,|9,140 second-feet, 'Discharge Nov. 1-18, 1912, differs from that published in
‘Water Supply Paper 325 onl account, of a revision of the rating eurve.

Monihly discharge of Red River at Grand Forks, N. Dak., for the year ending Sept. 30,

19138.
Discharge in second-feet.
Month. l{“a/‘é‘;‘f’
Maximum. | Minimum. | Mean.
2,520 1,300 | B.
1,150 802 | B.
............ 422 § C.
cemeenaan 318 | C.
.......... 233 | C
.......... 282 | C.
............ 7,060 | C.
2,590 1,820 | A.
1,590 1,190 .
1,720 1,030 | A.
1,110 760 | B.
1,670 1,030 | A.
........................ 1,350
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WILD RICE RIVER AT TWIN VALLEY, MINN.

Location.—At the highway bridge at Twin Valley, 2 miles above the nearest tribu-
tary, which enters at Heiberg.

Records available.—June 30, 1909, to September 30, 1913.

Draijnage area.—805 square miles.

Gage.—Vertical staff; read morning and evening, to half-tenths. Limits of use:
Hundredths below 5.0, half-tenths from 5.0 to 6.5 and tenths above 6.5 feet.

Channel and control.—Practically permanent. The river overflows at a stage of
12 feet on the gage and covers an area several hundred feef wide.

Discharge measurements.—Made from the bridge except at extreme low stages,
when they are made at a wading station.

Floods.—An exceptionally severe flood occurred in July, 1909, which overflowed
the lower part of the valley and wrecked the power dam at Faith by cutting around
the end and greatly increasing the width of the channel. The maximum stage
of the flood at Twin Valley was 20 feet and the discharge about 9,200 second-feet.

Regulation.—There is a dam across the river at Heiberg, but the highest point
affected by the backwater is more than a mile below Twin Valley. Discharge at
the station is affected by the storage created by the dams at the lower end of
Lower Rice Lake and at the outlet of Twin Lakes.

Discharge measurements of Wild Rice River at Twin Valley, Minn., during the year ending
Sept. 30, 1913.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || Date: Made by— heiZit. charge.
Feet. | Sec.-ft. Feet. | Sec.-ft.
Dec. 24 | W. B, Stevenson....... 25,23 16.3 || Sept. 6 | W. B. Stevenson....... b5.11 56.6
Feb. 9| E.J. Budge ...} @5.80 10.4 T do. .o b5.48 101
Apr. 12 | ... do.. .. ..ol 6.30 332

e Complete ice cover.
b Measurement made by wading at a section 200 feet below gage. Discharge relation affected by back
water from a log jam 100 feet below gage.

Daily gage hezght in feet, of Wild Rice River at Twin Valley, Minn., for the year ending
Sept. 30, 1913.

[Axel Johnson, observer.]
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
5.3 5.3 6.6 | 5.0 | 6.5 4.50
5.25 . 52 6.45 1 4.90| 6.5 4.80
5.25 |. 5.2 6.6 4.90 | 6.4 4.90
5.2 |. 5.2 6.6 4.90 | 6.3 5.06
5.2 535 6.8 4.82| 6.15 5.25
. 5.2 5.3 6.7 4.8 6.0 5.1
X 5.2 5.3 6.6 | 480 6.0 5.4
. 5.2 5.15| 6.6 4.8 | 5.9 5.0
4.90 | 5.2 5.1 6.5 4.8 | 5.8 5.3
4.90 | 5.0 5.2 6.5 | 4801 58 5.5
4.90 | 4.90 |. 5.2 6.45 1 4.80 | 5.8 5.4
4,90 | 4.85 . 515 6.5 | 4.72| 5.7 5.45
4.90 | 4.80 (. 5.1 6.1 4.80| 5.6 5.4
4.90 { 4.70|. 5.1 5.75 | 4.88| 5.6 5.2
4.80§ 4.70 5.1 6.1 4.92| 5.6 5.1
4.80 | 4.70 5.3 6.15 [ 4.90| 5.4- 5.1
5.0 4.80 §. 5.4 6.2 4.90 | 5.8 5.2
6.05 | 4.80 . 5.25 ] 6.25| 4.90| 5.4 5.2
5.9 | 4.70. 5.1 6.25 | 4.78 | 5.4 5.1
5.9 4.60 |. 5.1 6.3 4.68 | 5.4 5.0
5.9 4.70 5.15| 6.3 4.70 | 5.3 4.90
5.9 4.70 5.1 6,05 4.70 | 5.2 4.80
5.9 4.60 5.1 6.0 4.70 | 5.1 4.80
5.9 4.65 5.1 6.05| 4.70| 5.0 4.80
5.8 4.70 5.05| 5.9 4.85 | 4.90 4.80
5.7 4.90 |. 4.9 | 5.9 5.7 4.80 4.90
5.6 4.90 |. 5.45| 5.85| 6.3 4.90 [ 4.90
5.6 5.1 1 5.7 5.5 6.6 4.95 4.90
5.55 | 5.15 5.7 5.25{ 6.4 4. 80 4.90
5.5 4.70 5.6 5.1 6.4 4.70 4.9
5.4 6.15 6.4 4.50

Nore.—Discharge relatmn aﬁeeted by ice about Nov. 17, 1912, to Mar. 30, 1913, and by backwater from
logs about July 28 to Sept.



HUDSON BAY DRAINAGE AREA, 39

Daily discharge, in second-feet, of Wild Rice River at Twin Valley, Minn., for the year
ending Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. Iulj@ Aug. | Sept.

g
&
%
8% HYRRY FRVER BAGREY ITUSE

202 |....... 218 124.......

Norte.—Daily discharge Oct. 1 to Nov, 16,1912, and Apr. 1 to July 26, 1913, computed from two fairly well
defined rating curves. About July 28, 1913, log driving was 3tt,empteti and on account of the low stage logs
lodged along the shores of the channel causing backwater at the gage. The logs remained in the channel
throughout the remainder of the year. Daily discharge July 27 to Sept. 30, 1913, computed from a fairly
well defined rating curve based on five discharge measurements made during 1913 and 1914. Discharge
estimated, because of ice, from gage heights, observer’s notes, two discharge measurements, and climatic
records, as follows: Nov. 17-30, 30 second-feet; Dec. 1-31, 19 second-feet; Jan. 1-15, 15 second-feet; Jan. 16—
31, 10 second-feet; Feb. 1-15, 8 second-feet; Feb. 16-28, 10 second-feet; Mar. 1-15, 26 second-feet; and Mar.
16-31, 54 second-feet. A study of the rainfall records and a comparison of the flow of Wild Rice River at
Twin Valley with the flow of Clearwater River at Red Lake Falls, indicate that the discharge relation was
prggabgghaﬁecé;pd by backwater during June, 1913. Estimates of flow for this month should therefore be
ust Wi caution.

M&nthly discharge of Wild Rice River at Twin Valley, Minn., for the year ending Sept. 30,

1913.
Discharge in second-feet.
Month. e:cc;'
Maximum. | Minimum. | Mean.
163 B.
68.1 | C.

&
N
FEEIROTY

Note.—See footnote to table of daily discharge.
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RED LAKE RIVER AT THIEF RIVER FALLS, MINN.

Location.—One-third mile below the dam at Thief River Falls, and a mile or more
below the mouth of Thief River.

Records available.—July 2, 1909, to September 30, 1913.

Drainage area.—3,430 square miles,

Gage.—Vertical and inclined staff; read daily, morning and evening, to half-tenths.
Limits of use: Hundredths below 4.0, balf-tenths from 4.0 to 5.0, and tenths
above 5.0 feet. On September 5, 1913, the gage was checked with level and
the inclined section (4.6-14.0 feet) found to be in error by amounts varying from
0.01 t0 0.15 foot. As nothing is known as to the probable time when these errors
entered into the gage readings, the daily gage heights and the gage heights of
discharge measurements prior to September 5, 1913, are published as observed.
On September 5, 1913, the inclined section was rebuilt. All gage heights sub-
sequent to this date refer to the original gage datum.

Channel and control.—Channel practically permanent. The control is changed
temporarily by log jams that form below.

Discharge measurements.—Made from a car and cable at the gage.

Winter flow.—The river is frozen over from the latter part of November to the first
of April, and measurements are made through the ice to determine the winter
flow. .

Regulation.—A short distance above the station is the dam used by the Hansen &
Barzen Milling Co. and the city lighting plant. The fluctuating loads on the
turbines, produced by the operation of the lighting plant at night and of the mill
chiefly during the day time, cause fluctuations in the river stage below the dam.

Accuracy.—Logs floated down the river may jam below the station and cause back-
water. Conditions at this station are not satisfactory and similar conditions exist
at all points on the upper river. Therefore, the records can not be considered
better than fair:

Discharge measurements of Red Lake River at Thief River Falls, Minn., during the year
ending Sept. 30, 1913.

Date. Made by— neight. | charpe. || Date Made by— hoteht. |chatge.

Feel. | Sec.-ft.
204

Aug. 14 | E. F. Chandler......... 3.87
15 fil . . 223
2 215
Sept. 5 210

a Partial ice cover. ¢ No ice passing; considerable ice above dam.
b Complete ice cover. d New inclined gage.
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Daily gage height, in feet, of Red Lake River at Thief River Falls, Minn., for theyear ending
Sept. 30, 1913.

{C. P. Quist, observer.]

Day. Oct. | Nov. | Dee, | Jan. | Feb. | Mar. | Apr. | May. | June. | July. [ Aug. | Sept.
4551 4.45| 3. 5.3 4.7 | 4.2 3.7 3.751 3.7
4.6 4.05( 4. 6.8 4.7 4.4 3.65| 3.8 3.9
4.35| 3.75! 4. 7.8 4.8 4.3 3.95| 3.45 3.80
4.4 4.5 4. 8.7| 4.6 4.3 3.70 | 8.75 3.55
4,351 4.55| 4. 9.7) 4.75] 4.35) 3.92] 3.9 3.68
4.15 | 4.35| 4. 10.8 | 4.75 | 4.4 3.451 3.85 3.85
4.45| 4.2 4. 9.4 465 4.15; 4.15| 3.8 3.50
4.4 4.35) 3. 9.0 47 3.90, 4.15) 3.88 3.85
4.4 4.4 4. 7.8| 475 4.3 4.05| 3.78 3.80
4.35 | 3.95| 4. 7.0 4.7 | 4.25| 3.95| 3.25] 3.95
4.35 | 4.5 4. 7.3} 4.6 4.3 3.98) 3.9 4.05
4.3 4.45 | 4. 7.11 475 4351 4.0 3.92 3,90
4.0 4.45 | 4, 711 4.7 435 3.70§ 3.75 3.88
435 4.45) 4 7.2 4.7 4.3 3.90 | 3.9 3.50
4.25| 4.4 7.5 4.75| 4.056| 4.05| 3.55 3.9
4151 4.2 7.2 4.7 425 4151 3.75 3.85
4.2 3.5 6.71 4.7 4.3 4.1 3.55 3.82
4.2 4.3 6.4 | 455 4.25| 4.1 3.98 3.82
4.15| 4.4 6.0| 4.55| 4.1 4.1 3.90 4.0
3.8 4.3 561 4.5 4.1 3.65| 3.40 4,05
4.3 4.4 5.41 4.4 4.1 4.15| 3.75 3.45
4.3 4.4 52| 4.4 3.85| 3.95| 3.60 4.0
4.2 4.4 5.1| 4.5 4.25| 4.0 3.70 4.0
42 | 8.2 50| 4.5 4.25| 4.0 3.451 3.%5
4.2 4.15 4.7 415 | 4.2 4.1 4.1 3.75
4.4 § 4.3 4.9| 4.4 4.15] 4.05| 3.95 3.08
4.0 4.3 4.31 4.3 4.2 3.60 | 3.92 3.85
4.3 4.1 4.4 4.4 415 | 4.15| 3.95 3.65
4.3 4,25 4.8| 4.3 3.85| 4.1 3.85 3.85
4,451 4.25 4.7 4.3 4.0 3.981 3.8 3.92
4.4 foooo 43 | 37 leeeeiieeaiaieeeanns 4.4 |....... 3.95| 3.45|..... .

Nore.—Discharge relation probably affected by ice about Nov. 21, 1912, to Apr. 7, 1913.

Daily discharge, in second-feet, of Red Lake River at Thief River Falls, Minn., for the
year ending Sept. 30, 1913. .

May. | June. | July. | Aug. | Sept.

456 203 153 166 166

.. 356 |....... 21 90 |......

NoTE.—Daily discharge computed from two fairly well defined rating curves. Rating curve used sub-
sequent to Sept. 4, 1913, is referred to the new gage installed Sept. 5, 1913. See “Gage”’ in station descrip-
tion, Discharge estimated, because of ice, from gage heights, observer’s notes, two discharge measure-
ments, and climatic records, as follows: Nov. 21-30, 200 second-feet; Dec. 1, 1912, to Jan. 15, 1913, 125 sec-
ond-feet; Jan. 16-31, 50 second-feet; Feb. 1-15, 70 second-feet; Feb. 16-28, 100 second-feet; Mar. 1-15, 80
gecongl-{;ciset; Mar, 16-31, 77 second-feet; and Apr. 1-7, 1,830 second-feet. See ‘““‘Accuracy’’ m station

escription.
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Monthly discharge of Red Lake River at Thief River Falls, Minn., for the year ending
Sept. 30, 1913.

Discharge in second-feet. -
Month, Accu-
Maximum, | Minimum. {| Mean,

&

123

<
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RED LAKE RIVER AT CROOKSTON, MINN.

Location.—At new Sampson’s Addition highway bridge in Crookston, less than one-
fourth mile below the dam and power house of the Crookston Waterworks, Power
& Light Co.; no tributaries within several miles.

Records available.—May 19, 1901, to September 30, 1913.

Drainage area.—b5,320 square miles.

Gage.—Automatic gage installed in September, 1911, replacing the chain gage which
was attached to the new Sampson’s Addition bridge July 1, 1909. The chain
gage wag set to read the same as the original gage which was fastened to the bridge
20 rods above. A vertical staff near the automatic reads to the same datum as the
gages previously used.

Channel and control.—Changes slightly from year to year.

Discharge measurements.—Made from new bridge.

Winter flow.—During the winter of 1912 and 1913 the flow in the river was so smal
that there was a greater effect on the discharge, expressed in per cent, due to the
retardation of the velocity by ice, than would ordinarily occur. Estimates of
discharge during the winter period are therefore not as accurate as might ordinarily
be expected.

Accuracy.—The operation of the power plant causes fluctuations in the water surface
at the station, but the use of the automatic gage should give good results.

Discharge measurements of Red Lake River at Crookston, Minn., during the year ending
Sept. 30, 1913.

Date. Made by— poik® | i, || Date. Made by— o el
Sec.-ft.

Oct. 1,650 || May 3

Dee. @438 5

Jan. a 80 5 -
a93 20 .

Feb, 8 a249 {| Aug. 12 | E, F, Chandler......... 3.35 267

Apr. b i,% Sept. 6 | W. B. Stevenson....... 3.23 183
i

e Measurement made under complete ice cover. b No ice running.
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HUDSON BAY DRAINAGE AREA,

., Jor the year ending

inn

M

Sept. 30, 1918.

[3. H. Wallace, observer.]

Daily gage hetght, in feet, of Red Lake River at Crookston,

Sept.

July | Aug.

May. | June.

Feb. | Mar. | Apr.

Dec. | Jan.

Nov.

Oct.

Day.

16.ccceacenanns
2. eeainennn.

)
) ¥ TP

1913.

Note.—Discharge relation affected by ice about Nov. 16, 1912, to Apr. 7,
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Daily discharge, in second-feet, of Red Lake River at Crookston, Minn., for the year ending
Sept. 80, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. Maj*. June. | July. | Aug. | Sept.

229 299 161

321 | a240 343

210 163 219

517 188 |.......

a Discharge estimated.

Note.—Daily discharge Oct. 1 to Nov. 15, 1912, computed from a fairly well defined rating curve. Dis-
charge Apr. 8 to Sept. 30, 1913, computed from a rating curve well defined between 155 and 6,580 second-feet
(gage heghts 3.0 and 12.0 feet), and fairly well defined beyond those points.

Discharge estimated, because of ice, from gage heights, observer’s notes, four discharge measurements
and climatic records, as follows: Nov. 16-30, 205 second-feet; Dec. 1-31, 165 second-feet; Jan. 1-15 145
second-feet; Jan. 16-31, 130 second-feet; Feb. 1-15, 130 second-feet; Feb. 16-28, 120 second-feet; Mar. i—15,
115 second-feet; Mar. 16-31, 120 second-feet; and Apr. 1-7, 3,560 second-feet. Discharge Aug. 6-12, 1913,
estimated 300 second-feet.

Monthly discharge of Red Lake River at Crookston, Minn., for the year ending Sept. 30,
- 1913.

Discharge in second-feet.

Accu-
Month. racy.

Maximum. | Minimum. | Mean.
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THIEF RIVER NEAR THIEF RIVER FALLS, MINN.

Location.—Insec. 3, T. 154 N., R. 43 W., at the Drybrooke ford, 6 miles north of Thief
River Falls. The nearest tributary is the outlet of Mud Lake, which enters Thief
River in the northeastern part of T. 156 N., R. 42 W.

Records available.—July 1, 1909, to September 30, 1913.

Drainage area.—1,010 square miles.

Gage.—Inclined staff; read daily, morning and evening, to quarter-tenths. Limits
of use: Hundredths below 5.5, half-tenths from 5.5 to 6.5, and tenths above 6.5
feet. On September 4, 1913, the old inclined staff gage which was in error was
replaced by a new gage set at the correct datum. See Water-Supply Paper 325
for the history of the old gage. All gage heights in the following tables subsequent
to December 31, 1912, refer to the original gage datum.

Channel and control.—Practically permanent.

Discharge measurements.—Made by means of a boat and cable a short distance
below gage.

Winter flow.—Determined by measurements. River frozen over from middle of
November to first of April.

Regulation.—The dam at Thief River Falls, at the mouth of Thief Rlver, backs up
the water in Thief River for several miles, but the station is protected by the rapids
below from the influence of the dam. During 1910 and 1911 drainage work has
been carried on extensively in Thief River basin and the effect will be to modify
the regimen of the river. The extremely low flow of 1910 and 1911 was due partly
to the holding back of the run-off by temporary dams for use of the floating dredges
above the station.

Accuracy.—See remarks under ‘‘Gage,’’ and footnote to daily-discharge table.

Discharge measurements of Thief River near Thief River Falls, Minn., during the year
ending Sept. 30, 1913.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || Pate. Made by— height. | charge.
Feet. | Sec.ft. Feet. | Sec. ft.
Dec. 21 | W. B, Stevenson....... 5.00 | @16.7 || Aug. 14 | E. F. Chandler......... 4.10| ¢12.0
Apr. 10 | E.J. Budge............ 7.96 | 895 Sept. 4 | W. B, Stevenson....... 4.00 €7.3

@ Measurement made under partial ice cover.
b Ice not entirely out; some ice running.
¢ Measurement made by wading at a section 100 feet above gage.
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a Gage height probably 1 foot too low.

NoTtE.—Discharge relation affected by ice about Nov.

description.

“(Gage” in station

See

16, 1912, to Apr. 10, 1913.
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Daily discharge, in second-feet, of Thicf River near Thief River Falls, Minn., for the year
ending Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.6 6.2
2.6 14
5.2 12
8.5 &5
11 6.9
13 6.9
15 6.9
24 6.9
9.7 6.9
3.4 6.9
6.2| 6.9
16 6.9
17 10
20 9.7
22 9.7
29 9.7 12
29 9.7 3l
23 8.5 11
21 9.2 9.7
18 9.7 9.7
19 9.2 9.7
17 9.7 9.7
15 9.7 9.7
3.4 8.5 1
2.6 85 11
1.3 7.3 9.7
2.6 7.3 9.7
12 7.3 10
12 7.3 10
9.2 8.5 10
6.9 2%: 3 PO

e Estimated.

Nore.—Daily discharge comguted from two fairly well defined rattn%curves. Daily gage height and

the rating curve used prior to 1913 refer to the old gage, which was slightly in error. e rating curve

used begmning Apr.11, 1913, refers to the new gage. Discharge estimated, because of ice, from observer’s

notes, one discharge measurement, and climatic records as follows: Nov. 16-30, 22 second-feet; Dec. 1-31,
1912, 14 second-feet; Jan. 1-15, 1913, 13 second-feet; Jan. 16-31, 8 second-feet; Feb. 1-15, 6 second-feet;

fFelt). 16-28, 12 second-feet; Mar. 1-15, 6 second-feet; Mar. 16-31, 8-second-feet; and Apr. 1-10, 750 second-~
oot .



48 SURFACE WATER SUPPLY, 1913, PART V.

Monithly discharge of Thief River near Thief River Falls, Minn., for the year ending Sept.

30, 1913. .
Discharge in second-feet.
Month. Araocucy'-
Maximum. | Minimum. | Mean.
41. 4
32.7 | C
14
10
9
7
657 C.
112 B.
26.9 | B.
12.8 | C.
8.47 | C.
9.53 | C.
77.9

NotE.—See “ Accuracy in station description.

CLEARWATER RIVER AT RED LAKE FALLS, MINN.

Location.—At Great Northern Railway bridge at Red Lake Falls, Minn., about 1%
miles above mouth of river and 2 miles below nearest tributary.

Records available.—June 18, 1909, to September 30, 1913.

Drainage area.—1,310 square miles.

Gage.—Vertical staff, installed September 12, 1911, about half a mile farther down-
stream than the original gage, as the building of a dam will cause several feet of
backwater at the original section. Gage read morning and evening to tenths.
Limits of use: Half-tenths below and tenths above 4.5 feet. The new gage was
set to read 2.23 feet when the original gage read 5.83 feet. Owing to the fact that
the new gage is at a different section, measurements referred to the old gage can
not be used in rating the new section. ’

Channel and control.—Practically permanent.

Discharge measurements.—Made from railroad bridge or by wading.

Winter flow.—Determined by measurements made through the ice; river usually
frozen over from middle of November to first of April.

Accuracy.—Discharge measurement made September 13, 1911, indicates that the
estimates for September and October, 1911, as published in Water-Supply Paper
305, are too large; following tables probably more accurate. Backwater from the
Healy dam on Red Lake River may slightly affect the discharge relation at this
new site if flashboards are put in place at the Healy dam.

Discharge measurements of Clearwater River at Red Lake Falls, Minn., during the year
ending Sept. 30, 1913.

i Gage Dis- _ Gage :| Dis-

; Date. Made by— height. | charge. || D&t Made by height. | charge.
Sec.-ft. . Feet. | Sec.~ft.

Oct. 18 215 Apr.21 | Ole Christianson. e 427 871

Dec. 20 a45 29 | E. F. Chandler.. 3.52 544

Feb. 11 227.3 29 (... [« [ TR ...] 3.51 557

Apr. 11 1,930 | Aug.13|..... K P 2.28 87

e River frozen over.
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HUDSON BAY DRAINAGE AREA,

ight, in feet, of Clearwater River at Red Lake Falls, Minn., for the year
ending Sept. 30, 1913.

Daily gage

[Leo Steinert, observer.}

July.

June.

May.

Apr.

Mar.

Jan. | Feb.

Dec.

Oct. | Nov.

Day.

No1E.—Discharge relation affected by ice about Nov. 16, 1912, to Apr. 7, 1913.

91388° —wsp 355—15—4
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Daily discharge, in second-feet, of Clearwater River at Red Lake Falls, Minn., for the period
Sept. 12, 1911, to Sept. 30, 1913.

Day. Sept. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May.| June.| July. | Aug. | Sept.
1911-12.

631 115 54
63| 115 58
63 96 126
63 68 115
63 68 81
54| 68 54
54 63 50
54 63 46
54 ] 863 46
68 63 46
8] 63 54
74 63 68
104 63 180
213 63 352
213 | 863 352
213 63 375
213 63 352
213 63 330
213 63 309
180 63 268
151 68 | . 288
166 96 126
213 63 231
...... 63 604
...... 63 663
...... 63 663
...... 63 963
...... 63| 1,110
...... 811,110
...... 63 | 1,040
...... 54 1......

& Discharge estimated on account of backwater from Healy’s dam.
NoTEe.—Daily discharge eomfputed from a rating curve well defined between 63 and 522 second-feet (gage

heights, 2.1 and 3.5 feet) and fairly well defined between 576 and 2,510 second-feet (gage heights, 3.6 and
6.0 feet). Discharge estimated, because of ice, from observer’s noﬁes, disc; © measurements, and cli-
matic records, as follows: Nov. 11-30, 1911, 70 second-feet; Dec. 1-31, 1011, 65 second-feet; Jan. 1-31, 1912,
30 second-feet; Feb. 1-29, 35 seeond-feet; Mar, 1-31, 38 second-feet; Apr. 1-12, 420 second-feet; Nov. 16~
30, 75 second-feet; Dec. 1-31, 1912, 60 second-feet; Jan. 1-15, 1913, 38 second-feet; Jan. 16-31, 32 second-
fest; Feb. 1-15, 25 second-foef; Feb. 16-28, 30 second-feet; Mar. 1-15, 30 second-feet; Mar. 16-31, 35 Second-
feet; and Apr.1-7, 1913, 1,340 second-feet. Discharge, July 24-31, 1912, estimated on accouynt of backwater
from Healy’s dam at 170 second-feet,
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Monthly discharge of Clearwater River at Red Lake Falls, Minn., from Sept. 12, 1911, to
Sept. 30, 19183.

[Drainage area, 1,310 square miles.] ¢

Discharge in second-feet.
Month. jrxacccuy.-
Maximum, | Minimum. | Mean.

=

b

B

jeloel g geleielelolel Y

e e

a Estimates of “run-off in second-feet per square mile’” and “run-off (depth in inches on drainage area)””
o‘smétbeghbeca. t;xts_e of the large amount of swamp land (some of which is being drained artificially) in the area
above this station.

SOUTH BRANCH OF TWO RIVERS AT HALLOCK, MINN.

Location.—In sec. 12, T. 161 N., R. 49 W., at private wagon bridge on farm of John
Ross, half a mile north of Hallock; a mile below the nearest tributary, a small
creek that enters from the west.

Records available.—April 29, 1911, to September 30, 1913.

Drainage area.—776 square miles.

Gage.—Vertical staff; read daily, morning and afternoon, to tenths. Occasional
readings taken to half-tenths. Limits of use: Hundredths below 2.5, half-tenths
from 2.5 to 4.0, and tenths above 4.0 feet. ' :

Channel and control.—Probably permanent. The control is an abandoned loose-
rock dam 4 feet high, a mile or more below the station. The dam was formerly
used to raise the water level for a railroad water tank.

Discharge measurements.—Made from the bridge.

Winter flow.—River frozen over from November to April; gage readings discon-
tinued.
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SURFACE WATER SUPPLY, 1913, PART V.
Nov.

b Measurement made by wading at a sectiop above the gage.

I I
a Some ice running,

Oct.

Made by—

. J. Bud;
do

30 |.....
Day.

Date.

Daily gage height, in feet, of South Branch of Two Rivers at Hallock, Minn., for the year

Discharge measurements of South Branch of Two R

52
Apr. 4 | E

Norte.—Discharge relation affected by ice about Nov. 186, 1912, to Apr. 12, 1913.
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Daily discharge, in second-feet, of South Branch of Two Rivers at Hallock, Minn., ifor the
year ending Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June, | July. | Aug. | Sept.
170 | 31 6.5 3.0 6.2
154 | 31 6.5 2.0 4.4
138 | 31 6.5 2.0 4.5
138 28 6.5 2.0 4.5

28 6.5 2.0 3.0
133 | 26 65| 20 30
138 1 24 6.5 1.0 3.0
130 | 22 5.6 1.0 2.0
122 | 22 5.0 1.0 1.0
108 | 22 5.0 .7 9.0
101] 20 1 5.0 9.0
94| 18 11 6.5 9.0
84| 16 12 9.5 .5
771 18 12 8.6 6.6
74| 14 12 15 6.0
71| 12 11 12 6.0
11 10 14 10
65 11 11 13 17
62| 11 11 11 25
56| 11 9.5 (.22 27
541 11 8.0 62 27
51| 11 6.5 34 23
48 | 12 6.5 24 23
461 11 6.5 19 19
44 9.5 5.0 18 16
41 8.0 501 16 14
38 8.0 4.0! 15 12
36 8.0 4.0 14 11-
-36 8.0 4.0} 11 10
36 8.0 4,0 9.5 13
2 ) PO 3.0 i 13 N PO,

Nore.—Daily discharge determined as follows: Oct. 1 to Nov. 15, 1912, and Apr. 13 fo Sept. 30, 1913,
from two fairly well defined rating curves, new rating curve beginning Sept. 3, 1913; Aug. 24 to Sept. 2, 1913,
by the indirect method for shifting channels. .

Discharge estimated, because of ice, by Prof. E. F. Chandler, from climatic records, discharge of adjacent
drainage areas, and observer’s reports on marked variation in discharge, as follows: Jan. 1-15, 4 second-feet;
Jan. 16-31, 2 second-feet; Feb, 1-28, 2 second-feet; Mar. 1-15, 2 second-feet; Mar. 16-31, 5 second-feet. Data
on which these estimates are based are less complete than similar estimates at most stations in this report,
but they represent the best available information. Discharge estimated, because of ice, from daily gage
height, climatic records, and discharge of adjacent areas, as follows: Nov. 16-30, 30 second-feet, varying from
about 57 to 10 second-feet; Dec. 1-31, 1912, 15 second-feet; and Apr. 1-12, 1913, 820 second-feet. ~ .

Monthly discharge of South Branch of Two Rivers at Hallock, Minn., for the year ending
Sept. 30, 1913..

Discharge in second-feet.

Month. ‘}a%e;,l'
Maximum. | Minimum. | Mean.

ow
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PEMBINA RIVER AT NECHE, N. DAK.

Location.—At highway bridge 20 rods east of Great Northern Railway bridge two-
thirds of a mile north of Neche, N. Dak.

Records available.—April 29, 1903, to September 30, 1913.

Drainage area.—2,940 square miles.

Gage.—Vertical staff in two sections for medium and low stage, attached to the
abutment and a piling at north end of bridge. This gage was installed July 31,
1911. The original gage, which can be read at medium and high stage, is a ver-
tical staff attached to the abutment of the railway bridge. The zeros of the two
gages are at the same elevation; at low stage the slope of the water surface
between the bridges is inappreciable; at highest stage the readings at the railway
bridge would probably be from 0.03 to 0.06 foot greater than at the highway
bridge.

Channel and control.—A loose-rock dam about one-third mile below the gage forms
the control for this station. The channel consists of clay and silt and is slightly
ghifting.

Discharge measurements.—Made from the highway bridge. At very low stage
made by wading at a section below the Great Northern dam.

Winter flow.—The ordinary winter discharge is less than the leakage through the dam,
hence estimates can not be made from gage observations without numerous dis-
charge measurements.

Regulation.—The water is raised at low stage from 1 to 2 feet at the gage by a loose-
rock dam about 3 feet high one-third mile below, constructed to give sufficient
depth of water for the intake of the Great Northern Railway water tank. Con-
siderable water leaks through the dam, but the effect of this dam can not be pre-
cisely determined because it is liable to be changed by ice run or spring flood in
any year. There are no reservoirs or power plants that affect the flow.

Accuracy.—On account of the varying effect of the dam at low stage, records not
considered better than fair.

Discharge measurements of Pembina River at Neche, N. Dak., during the year ending
Sept. 30, 1913.

- Gage Dis-
Date. Made by height. | charge.
Feet, Sec.-ft.
Apr. 7| E.J.Budge..... 21.50 3-{570
22 | E. F. Chandler. . 10.05 1,320
Sept. 4 d 2.83 67
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Daily gage height, in feet, of Pembina River at Neche, N. Dak., for the year ending Sert.

30, 1913.
[P. J. Horgan and Mrs. M. Camden, observers.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept
4.0 LN PPN NI RPN RPN MO, 7.9 5.0 3.7 2.8 2.8
4.0 4.9 e e e e 7 4.9 3.7 2.8 2.8
4.1 4.6 |. 8.5 7.4 4.9 3.6 2.8 2.8
4.0 4.5 |. 12.2 7.5 4.8 3.6 2.8 2.8
4.0 4.4 16.0 7.4 4.8 3.5 2.8 2.8
.. 4.1 4.3 |. 19.5 7.3 4.7 3.5 2.8 2.8
.- 4.0 4.2 |. 21.2 7.2 4.7 3.5 2.8 2.8
- 4.0 4.0 |. 21.4 7.1 4.6 3.4 2.8 2.8
.- 4.1 4.0 |. 20.0 6.9 4.5 3.4 2.8 2.8
10 4.1 4.0 18.2 6.8 4.4 3.3 2.8 2.8
11.. 4.2 4.2 1. 6.6 4.2 3.3 2.8 2.8
12 4.2 4.7 6.5 4.1 3.2 2.8 2.8
13 4.1 4.7 6.4 4.0 3.2 2.8 2.8
14 4.0 4.7 6.3 3.9 3.2 2.8 2.7
15 4.0 4.7 6.2 3.8 3.2 2.8 2.7
16 4.0 4.7 |. 6.1 3.7 3.3 2.8 2.7
17 4.0 4.7 |. 6.0 3.5 3.3 2.9 2.7
18, 4.0 4.7 |. 5.9 3.2 3.3 2.9 2.7
19 4.0 4.5 . 5.8 3.0 3.3 3.0 2.7
20.. 4.0 4.5 |. 5.7 2.8 3.3 3.0 2.7
21.. 4.0 4.5 1. . 5.5 2.6 3.2 3.0 2.7
22.. 4.0 4.5 |. . 5.4 2.8 3.1 2.9 2.7
23.. 4.0 L% 7N FRRPUUIRN IR PN A 9.8 5.3 3.0 3.0 2.9 2.7
24.. 4.0 1....... (R R PR I 9.2 5.2 3.2 2.9 2.9 2.7
25.. 5 78 ORI SUPUUININ ORI RNPOIORE A 9.0 5.2 3.5 2.8 2.9 2.7
26 3.8 |. 9.0| 52| 37| 28] 28 2.7
27 3.8 |- 8.8 5.2 3.8 2.8 2.8 2.7
28 3.7 8.6 5.1 3.8 2.8 2.8 2.8
29.. 3.6 |. 8.2 5.0 3.8 2.8 2.8 2.8
30.. 3.6 |. 8.0 5.0 3.8 2.8 2.8 2.8
31 3.6 5.0 2.8 2.8

Nore.—Discharge relation affected by ice about Nov. 1-6, and Nov. 12,1912, to Apr. 6, 1913.

Daily discharge, in second-feet, of Pembina River at Neche, N. Dak., for the year ending
Sept. 30, 1918.

Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
195 8501 330 159 66 66
195 s . 810 316 159 66 66
208 | 250 |. 750 | 316 147 66 66
195 R .l 770 302 147 66 66
. | o 302 136 66 66
730 ] 283| 136 66 66
710 288 136 66 66
690 274 125 66 66
651 260 125 66 66
632 | 247 114 66 66
594 221 114 66 66
5151 208( 104 66 66
556 195 104 66 66
183 66 57
520 171 104 66 57
502 159 114 66 57
485 136 114 75 57
468 104 114 75 57
452 84 114 84 57
20 436 66 114 84 57
b3 D, 405" 49 104 84 57
22. 390 91 75 57
23. 375 84 84 % 57
24. 360 | 104 75 75 57
25. 360 | 136 66 5 57
26.. 360 | 159 66 66 57
27... 360 | 171 66 66 57
28. 45| 171 66 66 66
29. 30| 1M 66 66 66
30... 330 171 66 66 66
1 B 330 |....... 66 66 [.......

NortE.—Daily djsch@rge computed from two fairgawdl defined rating curves, The rating curves differ
slightly below gage height 3.8 feet. It is probable that the rating curve used subsequent to Nov. 23, 1912,
is applicable also during the month of October, 1912. Discharge estimated, because of ice, as follows: Nov.
1-6 and 12-23, 1912, daily estimated; Apr. 1-6, 1913, 870 second-feet.
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Monthly discharge of Pembina River at Neche, N. Dak., for the year ending Sept. 30, 1913.

Discharge in second-feet. Run-of .
Month. (totalin |y, 00"
Maximum, | Minimum, | Mean, | 8¢re-feet).

221 150 191 11,700 | C.

300 150 202 9,220 | D.

3,850 oo 1,670 99,400 | B.

850 330 529 32,600 | B.

330 49 191 11,400 | B.

159 66 106 6,520 | B.

84 66 69.5 4,270 | B.

66 57 618 31680 | B.

WEST BRANCH OF ROSEAU RIVER NEAR MALUNG, MINN.

Location.—Near the center of sec. 7, T. 161 N., R. 39 W_, at the highway bridge, 63
miles south of Roseau, 1 mile west of Malung post office, and half a mile above the
mouth of the East Branch.

Records available.—May 6, 1911, to September 30, 1913.

Drainage area.—265 square miles.

Gage.—Vertical staff, read once daily to half-tenths. Limits of use: Half-tenths
below and tenths above 4.5 feet. During the spring of 1913 (presumably in
March), the gage had lowered 0.21 foot, probably due to the settling of the earth
approach to the bridge which pushed down the plank fillers behind the abutment,
the gage being attached to these fillers. The gage was not changed and has
remained practically stationary subsequent to the above settlement. All gage
heights subsequent to April 1, 1913, as published in the following tables, are
therefore referred to a gage datum about 0.21 foot below the original datum, and
0.21 foot should be subtracted from the gage heights previous to that date in order
to make them agree with the datum of the gage in its present position.

Channel and control.—Probably fairly permanent, although there is a possibility
of temporary backwater from the East Branch.

Discharge measurements.—Made at the bridge except during low stages, when
they are made at a wading section. Discharge measurements are also made on
the East Branch a short distance above the junction and on Roseau River at
Roseau for the purpose of determining the portion of the flow at Roseau that comes
from the East Branch, and to estimate the entire flow below that point, as con-
ditions of flow below the junction of the two branches are very unfavorable for
the establishment of a regular station.

Winter flow.—River frozen over November to April; observations discontinued.

Regulation.—Much of the area drained by Roseau River is so swampy that it can
not be cultivated without drainage. In connection with this work the river
channel has been straightened and widened to 80 feet for a distance of 40 miles;
a drainage system benefiting 90,000 acres of land south of the river discharges into
the Roseau by 10 ditches 1 mile apart in T. 163, Rs. 43 and 44. Another ditch
system, draining about 20,000 acres, enters Roseau River in sec. 6, T. 162 N.,
R.39W.

Discharge measurements of West Branch of Roseau River near Malung, Minn., during the
year ending Sept. 30, 1913.

Gage Dis-
Date. Made by— height. | charge.

Feet. Sec.-ft.
387

. . 81
Aug. 15 | E. F. Chandler ........................................................... 2.36 62.5

& Measurement made by wading at a section about 600 feet below gage; velocity determined by means of
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Discharge measurements of East Branch of Roseau River near Malung,

year ending Sept. 30, 1913.

57

Minn., during the

Date. Made by— hgizghet. chlgsg-e.

Feet. Sec.-ft.

Oct. 9| W, B. Stevenson . et 6.43 344

Apr. 28} ..., do.......... 3.38 131
Aug. 15 | E. F.Chandler. .. oooovimntii i 1.21 ai2.5

e Measurement made by wading.

Discharge measurements of Roseau River at Roseau, Minn., during the year ending Sept.

30, 1913.
Date. Made by— hgigﬁ;. ch]?t:'sg-e.
Feet. Sec.-ft.
Oct. 10 | W. B. Stevenson . .. ..ottt it ie e ieaeas 8.43 7!
Apr. 29 |..... 6 S 4.91 197
Aug. 16 | E. F.Chandler. ... ..o i eaaaes 2.19 ¢14.5

e Measurement made by wading at a section above the Great Northern Railway bridge.

Daily gage height, in feet, of West Branch of Roseaw River near Malung, Minn., for the

year ending Sept. 30, 1913.

[August Hedin, observer.}

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
11.5 4.5 3.5 2.3 2.4 2.
11.4 4.4 3.4 2.3 2.4 2.
0.8} 4.3 3.4 2.3 2.3 2.
10.1 4.0 1. 3.5 2.3 2.3 2.

9.2 4.0 3.7 2.4 2.3 2.
8.2 3.9 12.8 3.8 2.8 2.4 2.2 2
7.8 3.9 12.8 3.8 2.8 2.4 2.2 2.
7.31 3.9 12.6 | 8.751 2.95] 2.5 2.2 2.
7.2 4.0 11.8 3.7 2.9 2.45 | 2.2 2.
7.0 4.2 10.9 3.8 | 2.8 | 2.4 2.2 2.
6.7 4.2 10.6 | 3.65| 2.75] 2.5 2.2 2,
6.6 4.1 9.6 3.6 2.7 2.5 2.2 2.
6.5| 4.0 8.5 8.4 2.6 | 3.4 2.2 2.
6.4 3.9 1. .7 3.351 2.6 3.9 2.2 2.
6.1 3.8 7.0 3.3 2.5 3.9 2.3 2.
5.8 3.6 6.2 3.3 2.5 3.9 |-2.4 2.
* 5.5 3.6 56 | 3.3 2.5 3.9 2.45 2.
5.2 3.6 5.0 3.3 2.45| 3.8 2.5 2.
5.0 3.6 4.6 3.25| 2.45| 3.6 2.45 2.
4.8 3.4 4.3 3.2 2.4 3.4 2.45 2.
4.6 3.2 4.2 3.1 2.4 3.2 2.45 2.
4.4 3.3 415§ 3.1 2.4 3.0 2.45 2.
4.2 8.5 4.3 | 8.05] 2.4 2.9 2.45 2.
4.0 3.2 4.3 3.0 2.4 2.8 2.45 2.
3.9 3.0 4.4 3.1 2.3 2.7 2.4 2.
3.8 3.0 4.3 3.1 2.3 2.6 2.4 2.
3.7 2.9 4.1 3.0 | 2.4 2.7 | 2.4 2.
3.6 2.9 3.9 3.0 2.4 2.6 2.4 2.
3.71 2.8 3.8 2.95| 2.35] 2.5 2.4 2.
4.0 2.7 3.66| 2.9 2.3 2.5 2.35 2.
4.5 |..e..o. ceeeeed] 285l 25 | 2.35}.......

Nore.—Discharge relation affected by ice about Nov. 18, 1912, to Apr. 7, 1913.
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Daily discharge, in second-feet, of West Branch of Roseau River near Malung, Minn., for
the year ending Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. { May. | June. | July. | Aug. | Sept.
49 | 12 2.8 4.0 2.8
431 12 2.8 4.0 2.8
43| 12 2.8 2.8 2.3
41 12 2.8 2.8 2.3
63| 12 4.0 2.8 1.8
70 12 4.0 1.8 1.8
70| 12 4.0 1.8 1.8
66 | 18 5.4 1.8 1.8
66| 16 4.7 1.8 1.8
74 14 4.0 1.8 4.0
60 | 10 5.4 1.8 4.0
56 9.0 5.4 1.8 3.4
43 7.0 43 1.8 2.8
40 7.0] 78 1.8 2.8
37 5.4 78 2.8 2.8
37 541 78 4.0 2.8
37 541 78 4.7 2.8
37 4.71 70 5.4 2.3
34 4.71 56 4.7 2.3
31 4.0 43 4.7 2.3
26 4.01 31 4.7 2.3
26 4.0] 21 4.7 2.3
24 4.0 16 4.7 1.8
21 4.0 12 4.7 1.8
26 2.8 9.0 4.0 1.8
26 2.8 7.0 4.0 1.8
21 4.0 9.0 4.0 1.8
21 4.0 7.0 4.0 1.8
18 3.4 5.4 4.0 1.8
16 2.8 5.4 3.4 1.8

N P M., 5.4 3.4 ...

NoTtE.—Daily discharge computed from a rating curve fairly well defined between 49 and 440 second-feet
(gage heights, 3.5 and 8.0 feet) and poorly defined beyond these stages. Discharge estimated, because of
ice, from gage heights, observer’s notes, climatic records, and dlschargB of adjacent drainage areas, as fol-
lows: Nov. 18-30, 27 second-feet, and Dec. 1-31, 1912, 10 second-feet. Discharge estimated, because of ice
by Prof. E. F. Cf]andler, from climatic records, discharge of adjacent drainage areas, and observer’s notes
concerning any marked variation in discharge, as follows: Jan. 1-31, 3 second-feet; Feb. 1-28, 1 second-foot;
Mar. 1-31, 2 second-feet; and Apr. 1-7, 340 second-feet. It should be noted that these estimates are based
on less data than estimates at most stations in this report and that they simply represent the best values
available for publication.

Monthly discharge of West Branch of Roseau River near Malung, Minn., for the year ending
Sept. 30, 1913.

Discharge in second-feet.
Mongh. ‘};’gs‘,’j
Maximum. | Minimuny, | Mean,
1,040 318 |c.
115 58.0 | C.
C.
B.
C.
C.
D.
D.

Nore.—See footnote to table of daily discharge.
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MOUSE RIVER AT MINOT, N. DAK.

Location.—At the Anne Street foot bridge northeast of the Great Northern Railway
roundhouse at Minot, N. Dak.

Records available.—May 5, 1903, to September 30, 1913.

Drainage area.—8,400 square miles. .

Gage.—Vertical staff attached to pier of the Anne Street Bridge. The original gage,
superseded in 1910 by this gage, was at a bridge about 40 rods farther upstream.
At low stage, because the water is ponded by a dam below, there is no appreciable
slope in the water surface and the gage zeros at the old and present sites have the
same elevation; at high stage there is a slight slope in the water surface; hence,
at highest stage the present gage would read slightly less than the original gage
would have done, but the difference is probably less than 0.1 foot, even at extreme
high water.

Channel and control.—Clay and silt; slightly shifting.

Discharge measurements.—Made, from the Anne Street Bridge at medium and
high stages. At low stage made by wading some rods below the dam at the Min-
neapolis, St. Paul & Sault Ste. Marie Railway water tank.

Winter flow.—Discharge relation somewhat affected by ice from about the middle
of November to the middle of April. In most winters the discharge is very
small, as has been found by occasional discharge measurements. Thus, from a
few gage readings each winter approximate estimates of flow may be made.

Regulation.—A dam 4 feet high at the Minneapolis, St. Paul & Sault Ste. Marie
Railway water tank, 1 mile below the gage (along the channel), raises the water
at the gage about 3 feet at ordinary low stage. The dam has no sluices, being
designed merely to give enough depth of water for the intake-pipe suction; but
it is not absolutely tight. When the discharge is less than about 6 second-feet
the water level falls below the crest of the dam. The crest of the dam is nearly
level and can be considered as a broad-crested weir until (at gage reading about
6 feet). corrections for submergence of the weir by the filling of the channel below
the weir need be applied. During the flood in April, 1913, a section of the crest
of the dam was washed out. A short time later the dam was repaired and the
crest was raised slightly. ‘

Accuracy.—The percentage errors of the results for the low-water period may be
largely due to small errors made by the gage observer and the undetermined leak-
age through the dam, although the error is but a few second-feet. At medium
stages the results are good.

Discharge measurements of Mouse River at Minot, N. Dak., during the year ending Sept.

30, 1913,
Dato. Made by— noeks, | charge.
Feet, | Seeft.
ADr. 14 | W. B, SlOVeNSON . o e oottt i e e eee i ieeicraaceeaneaaneaanaaaneranaanan 8.67 943
15]..... L o PP 8.59 928

Sept. 12 ] E, F. Ohandler. ..o oottt iiiatanctiaeaaaaacaaaaaan iy 4.68 9.4
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Daily gage height, in feet, of Mouse River at Minot, N. Dak., for the year ending Sept. 30,

1913.
[Ephraim Cox, observer.]

Day. - Oct. | Nov. | Dec. | Jan, | Feb. | Mar, | Apr. | May. | June. | July. | Aug. | Sept.
4.55 | 4.8 59 5.2 4.9 5.35 5.15
4.5 4.8 11.2 5. 515] 4.85| 5.3 5.1
4.5 4.7 . 5.8 515| 4.8 | 53 5.1
4,5 4,75 3 5.7 5.1 4.8 5.3 50
1.5 4.7 3 565 5.1 4.8 525 5.0
4.5 [ % (N PR DO U FN 8.8 5.6 5.0 4.85| 5.25 5.0
4.5 [ (N PO BN IRPRIRN F, 8.9 5.55| 5.0 4.85] 525 5.0
4.5 [ X [ RPN SUNPN JURPR SR 9.4 5.5 4,951 4.8 52 4.95
4.55 | 4.7 4.6 9.5 545| 4,95 4.8 5.2 4.9
4.6 4.7 4751 9.3 5451 495 4.8 5.2 4,8
4.65| 4.7 5.1 9.0 5.4 4.95| 4.8 | 525 4.7
4.7 4,7 5.6 8.8 5.4 5.0 4.8 525 4.65
4,75 | 4.65 59 8.6 5351 50 4.9 5.25 4.6
4.75 ] 4.65 5951 8.6 5351 50 4.95| 525 4. 55
4.8 4,65 58 | 8.6 5351 5.05| 50 5.2 4.55
4.8 4.65 5.8 8.6 53 505 50 5.15 4.5
4,75 | 4.65 5% | 86 53 5.1 5.05| 5.1 4.5
4.75 | 4.65 5.7 8.4 535 5.1 5.1 5.1 4,45
47951 4.65 5.4 8.0 5.4 5.1 5.2 5.15 4.45
4,757 4.65 5.25 | 7.8 5.4 505| 53 5.15 4.4
4.75| 4.6 5.1 7.5 5351 50 545 | 5.15 4.4
4.76 | 4.6 4951 7.2 5.35| 5.0 5.55| 5.1 4.4
4.7 4.6 49| 7.0 535 5.0 5551 5.1 4.4
4,7 4.6 4.8 | 7.0 5.3 495 5.5 5.1 4.45
4.7 4.6 4.80 | 6.8 5.3 4.95] 5.45| 51 4.5
4.7 [ T ORI AU PR, 4751 6.6 53 4.95| 54 5.1 4.5
4.7 [ T PN SR O 4.7 6.2 5.3 4.9 5.3 5.1 4.45
4,75 | 4.6 4.7 6.0 5.25 | 4.9 53 5.1 4.45
4.75| 4.6 4.7 595 525 4.9 535 515 4.4
4.75| 4.6 6.9 5.9 5.2 4.85| 5.4 5.15 4.4
4.8 ...l 89 J....... 52 |....... 5.4 5.15 j.ennnn

NortEe.—Discharge relation affected by ice about Nov. 14, 1912, to Apr. 5, 1913,

Daily discharge, in second-feet, of Mouse River at Minot, N. Dak., for the year ending
Sept. 30, 1913.

Apr. June. | July. | Aug. | Sept.

2% 38 23 90| 38
30 38 17 9| 29
36 38 17 90| 17
4 38] 23 1| 10
52 47 231 101 8.3
60 47 20( 101 7.5
60 47 38| 1m 7.0
69 57 47 90 7.0
69 57 47 79 6.5
60 68 57 68 8.5
60 68 68 68 6.1
60 68 90 6.1
60 57| 113 79 5.6
60 471 149 79 5.6
.60 47| 174 68 5.6
52 470 174 68 56
52 381 162 68 6.1
52 38| 149 68 6.5
52 38| 137 68 6.5
52 291 113 68 6.1
60 291 113 68 6.1
60 29| 125 79 5.6
60 23| 137 79 5.6
69 |oeen oo 90 e 137 79 o..... .

Nore.—Daily discharge computed from two rating curves fairly well defined for medium and high
stages. Discharge estimated, because of ice, from observer’s notes and climatic records, as follows: Nov.
14-30, 1912, and Apr. 1-5, 191§, daily values; Mar. 1-31, 1913, 59 second-feet.
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Monthly discharge of Mouse River at Minot, N. Dak., for the year ending Sept. 30, 1913.

Discharge in second-feet. Run-off (to-
Month, talin acre- | Acou-

rac

Maximum. | Minimum. | Mean. fect). v
48.0 2,950 | ¢
42.3 2,520 | ¢
50 3,620
795 47,300 | B
144 8,880 | B
30.4 1,80 | B
74.9 4,610 | B
87.3 5,370 | B
20.6 1,220 | B

EVAPORATION AT UNIVERSITY, N. DAK.!

The evaporation gage at University, N. Dak., was established April 17, 1905, on a
pool in a ravine called English Coulee, which runs through the campus of the Uni-
versity of North Dakota, which is immediately west of Grand Forks, N. Dak., and 2
miles west of the Minnesota boundary.

The records at this station were continued during the year ending September 30,
1913, daily observations being made during the entire open season, except the first
10 days. The gage was protected from disturbance, and the records of observations
are reliable.

The coulee drains about 60 square miles of very level prairie. Except for brief
freshets the flow in the coulee is small, varying from 1 second-foot or less to 20 second-
feet. In very dry weather the water lies in pools with scarcely any perceptible flow.

A heavy galvanized-iron tank, 3 feet square and 18 inches deep, is placed in the
center of an anchored raft, so that the water in the tank is at the same level as the water
surface outside. The tank is filled nearly to the top, to a height precisely marked by
the pointed tip of a vertical rod in the center of the tank. Once each day, after the
change produced by evaporation or rainfall, the water level is restored to the original
height, the precise amount of water transferred being measured with a cup of such size
that one cupful of water is equaivalent to 0.01 inch depth in the tank.

A standard rain gage is located on the open prairie about 10 rods distant. On days
of rainfall the difference (which is usually small) between the quantity measured by
the rain gage and the surplus in the tank is considered the total evaporation for the
day.

Observations were made usually about half an hour before sunset. The tempera-
ture of the water recorded is the observation of the water in the tank; as the tank is a
metal tank, it has been found that at that time of the day there is rarely a percepti-
ble difference in temperature reading between the water within and without the
tank. The temperature of the air as recorded is the mean of the readings of the
standard self-recording maximum and the self-recording minimum thermometers for
the preceding 24 hours.

The following table shows for each 10-day period during the year ending September

. 30, 1918, the gross evaporation, the total rainfall, and the mean temperatures for the
10 observations of the water and of the air.

1 For complete description of this station and records of evaporation, rainfall, and temperature for 1905
to 1908, see U. 8. Geol. Burvey Water-Supply Paper 245, pp. 64-67, 1910.
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Evaporation, rainfall, and temperature at University, N. Dak., for the year ending Sept.
, 1913.

[T. T. Quirke and J. B. Johnson, observers.)

Mean tempera- Meant tempera-
ture. : ure.
Evapo-| Rain- Evapo-| Rain-
Date. ration. | fall. Date. ration, | fall.
Water. | Air. Water. | Air,
Inches. | Inches.| °F. °F, Inches. | Inches.| °F. °F.

3 3 1.36 0.27 52 48
1.72 75 61 61

2.45 16 65 58

2.30 63 69 69

2.34 42 foiea... 73

2.06 79 72 65

1.47 1.30 7 66

2.21 77 71 66

1.75 27 71 68

1.55 1.35 7 74

1.99 07 66 67

1.23 2.55 69 68

1.68 00 61 58

.78 10 47 48

RAINY LAKE AT RANIER, MINN.

Location.—At the foot of Rainy Lake, at the foot of the Ranier wharf.

Records available.—January 1, 1910, to September 30, 1913.

Gage.—Vertical staff. Prior to August 19, 1911, the gage heights were taken at the
upper gage of the Minnesota & Ontario Power Co., just above the dam at Inter-
national Falls, 2 miles below Ranier. Comparative readings taken on the two
gages during 1911 indicated a slope of 0.50 feet between the two points, and to
make the records at the two points comparable the readings on the Minnesota and
Ontario gage were reduced by 488.50 feet. Recent studies by A. F. Meyer, an
engineer of the International Joint Commission, indicate that the actual slope
between the two gages varied from 0.3 to 1.2 feet during the period January 1,
1910, to August 18, 1911, so that the readings on the Minnesota & Ontario Power
Co.’s gage should have been reduced by an amount ranging from 488.70 to 487.80
feetinstead of 488.50 feet. Gage heights from January 1, 1910, to August 18, 1911,
published in Water Supply Papers 285 and 305 are therefore in error, as referred to
the correct datum, by an unknown amount varying from 0.2 to —0.7 foot. The
dam at International Falls controls the level of Ranier Lake, which has an area
of approximately 344 square miles. Owing to the great number of small islands
in the lake its effective capacity is somewhat uncertain, as available maps are
too small to show this accurately. Beginning August 19, 1911, the gage heights
refer to the gage established by the Canadian Department of Public Works. The
gage heights have been referred to the original datum of the gage, the elevation
of which is 489.00 feet above that of the Minnesota & Ontario Power Co.’s gage.
The gage was maintained at the following elevations during year ending Septem-
ber 30, 1913: October 1, 1912, to October 9, 1912, 488.77 feet; October 15, 1912, to
September 30, 1913, 489.25 feet. The records at this station, by indicating the
change of water level, show the gain or loss in storage due to the control at Inter-
national Falls dam, and when used in connection with the records of flow of the
Rainy River at International Falls, are of value in determining the natural
run-off.

Cooperation.—Gages owned and maintained by the Canadian Department of Public
Works.
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Daily gage height, in feet, of Rainy Lake at Ranter, Minn., for the year ending Sept. 30,

1913.

Day Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
7.03| 6.45( 5.81 | 4.98| 4.00 | 2.93] 3.15| 5.45| 804 -8.35 8.38
7.02 | 6.45| 578 | 4.95| 3.97 | 2.80{ 3.19| 557 8.19; 835 8.34
7.001 6.45| 575 4.91| 3.95| 2.87{ 3.23| 573 | 8.13 | 839 8.34
7.00 | 6.41| 5.72| 4.88| 3.92| 2.84| 3.26 | 5.8 | 8.18| 8.37 8.34
6.98| 6.37 | 570 4.84| 3.87 | 2.80| 3.31| 5.99| 821 | 839 8.29
6.98] 635} 569 | 4.80( 3.8 ( 2.77| 3.37 | 6.13 | 8.32| 8.40 8.32
6.961 6.331 5,67 477 3.75| 2.75| 3.39| 6.25| 8.35| 8.35 8.34
6.8 6.31| 565 4.73| 3.70 | 2.71| 3.43 | 6.40 | 8.35| 8.35 8.33
6.92 1 6.28 563 4.60! 3.67 | 2.68 | 3.47| 6.52| 8.37| 843 8.32
6.90] 6.25| 5.61 | 4.66| 3.65) 2.65| 3.51 | 6.65| 8.37| 8.45 8.29
6.90) 6.221 5.59) 4.62| 3.631 2.65| 3.56 | 6.77 | 8.35| 835 8.32
6.89 | 6.19| 559 | 4.59| 3.59| 2.64| 3.62| 6.8 | 8.45]| 8.30 8.32
6.87 | 6.16; 557 | 4.56 | 3.56 | 2.65| 3.66| 7.03 | 8.45| 8.30 8.27
6.84 ) 6.12| 553 | 4.52 8.53 | 2.68| 3.70| 7.11| 8.47| 8.30 8.24
6.8l 6.10| 546 | 4.49} 3.49| 2.69| 3.76 | 7.20 | 8.43 | 8.42 8.21
6.77| 6.09 543 | 4.45] 3.45| 2.71| 3.8} 7.29| 8.45| 8.35 8.21
6.75| 6.07% 541 | 4421 3.41} 2.75] 3.91| 7.37 1 8.43| 8.40 8.19
6.73| 6.05| 539 | 4.37] 3.38| 2.79| 3.99| 7.47| 8.41 | 8.37 8.15
6.73| 6.03{ 538 4.33! 3.35| 2.81 | 4.05| 7.56| 8.40| 8.34 8.14
6.71| 6.01 | 536 | 4.27| 3.32| 2.8 | 4.11| 7.63 | 8.39| 8.33 8.15
6.65| 5.99| 5.31| 4.23| 3.20( 2.8 | 4.21| 7.60| 837 8.27 8.12
6.65 | 5.98( 5.27| 4.19| 3.27| 2.87| 4.33| 7.73| 8.40| 8.29 8.11
6.65 | 597 5.23| 4.18( 3.25| 2.8 | 4.42| 7.78 |....... 8.26 8.09
6.61 | 5.95( 5.19| 4.15] 3.21| 2.94} 4.52| 7.85| 8.37 | 833 8.09
6.59 | 5.93| 5.17| 4.13( 3.17| 2.97| 4.61| 7.91| 835 | 8.28 8.05
6.55| 591 5.15| 4.00| 3.14| 3.00] 4.69| 7.96| 8.35| 8.26| .8.04
6.53 | 5.890| 5.183| 4.07| 3.10| 3.05| 4.771 804 |....... 8.29 7.99
6,49 | 587 500 4.04| 3.06| 3.10 | 4.87 ] 8.06 | 831} 823 8.00
6.41 | 5.85] 5.07 3.03| 3.11| 4.97t 8.05| 8.29| 8.28 8.00
6.44| 5.8 5.05 2.99] 3.13| 5.11} 8.07| 8.26 | 8.31 7.98

....... 5.8 1 5.02 2.95].......] 5.22|.......] 8.20| 8.45|.......

Nore.—Gage heights here published refer fo datum 489.00. Gage readings Oct. 1-9, 1912, have been
corrected by subtracting 0.23 foot, and Oct. 15, 1912, fo Sept. 30, 1913, by adding 0.25 foot.

RAINY RIVER AT INTERNATIONAL FALLS,.MINN.

" Location.—At the steamboat dock half a mile below the dam at International Falls.

Records available.—March 1, 1907, to September 30, 1913.

Drainage area.—14,600 square miles.

Gage.—Vertical staff installed by the United States Geological Survey April 20, 1911.
Prior to this date the gage heights, furnished through the courtesy of the Minnesota
& Ontario Power Co., were read on a gage just below the dam, first on the American
gide but later on the Canadian side. The zero of the United States Geological
Survey gage is 460.99 feet above that of the power company’s gage, when the slope
of the river between the two points (determined at gage height 2.65 feet) is con-
sidered. On September 15, 1913, an automatic gage was installed by the Cana-
dian Department of Public Works near the staff gage and at the same datum.

Channel and control.—Practically permanent.

Discharge measurements.—Made from a boat at a section about 100 feet below
the gage where the bed of the river is uniform and the velocity is regular.

Winter flow.—Ice rarely forms in the Iong stretch of water below the dam. It does
form, however, at the rapids below the open stretch causing serious backwater
at the gage amounting at times to more than 2 feet. Estimates of winter flow are
based directly on the records of flow through the turbines of the power company,
as computed by the Canadian Department of Public Works.
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Regulation.—Since the dam and power house have been in operation practically
no water has passed over the crest, the entire flow of the Rainy going through
the turbines and sluice gates. The plant is run on a 24-hour basis, however, so
that with the exception of the Sunday flow the discharge is fairly uniform.

Accuracy.—Studies of the previous records at this station, based on more complete
data than were available when Water-Supply Paper 305 was prepared, indicate
that the estimates of monthly discharge published in that report are in error.
The estimated errors were published in Water-Supply Paper 325, page 61. The
estimated error for December, 1908, as given in that table should be 4-14 per cent
instead of —14 per cent. Throughout the greater part of the open-water period
during the year ending September 30, 1913, the discharge relation was affected
by backwater from log booms below the gage.

Cooperation.—Estimates of flow through the power house and results of discharge
measurements furnished by Canadian Department of Public Works. Discharge
meagurements were also furnished by the water power branch of the Canadian
Department of the Interior.

Discharge measurements of Rainy River at International Falls, Minn., during the year
ending Sept. 30, 1913.

- Gage Dis- Gage | Dis-
Date. Made by— height. | charge. Date. Made by— hei?f’xt. charge.

Sec.ft. Sec.ft.
Oct. b 5,160 56,020
Nov. . H. - R A b 6,420 57,080
Jan. 12 R . b 4,850 58,180
Feb. b 6,940 512,800
Mar. 56,670 7,850

b 6,730 7,300

e Canadian engineers. b Discharge relation affected by backwater.

Daily gage height, in feet, of Rainy River at International Falls, Minn., for the year
ending Sept. 30, 1913.

QOALTO ORI CORVOO OOMRO OOOWE WOWIT

. [Robert Caple, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
3.4 2.8 2.8 3.9 4.8 4.8} 3.5 4.5 3.8 6.1 5.2 1.
3.3 2.8 3.6 3.9 3.8 4.1 3.2 4.3 3.8 6.2 5.2 2.
3.2 2.2 4.0 4.9 3.7 4.0 3.0 4.2 4.3 6.4 4.9 2.
3.1 2.1 4.0 4.2 4.6 4.9 3.2 3.9 4.2 6.0 4.7 2.
3.2 .29 4.0 3.2 4.8 4.9 3.1 4.4 4.0 5.6 4.4 2.
2.7 2.9 4.0 3.2 4.8 5.0 2.4 4.7 4.2 6.2 4.4 2.
2.8 2.9 3.8 4.1 4.8 5.0 2.1 4.8 4.4 6.3 4.7 2.
2.9 2.9 3.4 4.2 4.7 4.9 2.8 4.7 4.6 6.2 4.9 3.
3.0 2.8 3.4 4.2 4.2 4.6 3.1 4.5 4.9 6.3 4.9 3.
3.0 2.2 4.3 4.3 4.1 3.9 3.0 4.2 4.9 6.8 4.2 3.
3.0 2.2 4.4 4.5 4.8 4.4 3.1 3.6 4.6 7.0 4.3 3.
3.1 2.6 4.5 3.7 4.8 4.3 3.2 3.6 4.3 7.2 4.6 3.
2.5 2.8 4.5 3.6 4.9 4.2 2.7 3.7 4.1 7.3 4.6 3.
2.8 2.8 4.4 4.3 4.9 4.1 2.8 3.6 4.0 7.6 4.5 2.
2.9 2.8 3.6 4.4 4.9 4.6 4.1 3.6 3.7 7.8 4.5 2.
2.9 2.7 3.4 4.4 4.2 3.5 4.8 3.7 3.9 7.7 4.5 3.
2.8 2.2 4.2 4.4 3.9 3.6 4.9 4.1 3.9 82 4.2 3.
2.8 2.4 4.3 4.5 4.7 4.2 5.0 4.4 3.9 8.4 4.3 2.
2.9 2.8 4.4 3.6 4.8 4.5 5.0 4.6 3.8 8.4 4.5 2.
2.5 2.8 4.4 3.6 4.8 4.7 4.4 4.7 4.0 7.9 4.6 2.
2.2 3.0 4.2 4.4 4.8 4.6 4.3 4.5 4.3 7.6 4.6 2.
2.7 2.9 3.3 4.6 4.8 4.6 4.4 4.4 4.4 7.5 4.6 2.
2.8 2.8 3.2 4.6 4.4 3.8 4.3 4.5 4.4 7.3 4.6 2.
2.8 2.3 3.4 4.7 4.1 3.6 4.3 4.6 4.5 7.3 4.1 2.
2.8 2.3 3.0 4.6 4.8 4.3 4.5 42| 4.6 7.2 3.6 2.
2.8 2.7 2.8 4.0 5.0 4.4 4.9 4.0 4.6 7.0 3.2 2,
2.1 2.8 3.5 3.6 5.0 4.4 4.7 4.1 4.6 6.7 3.0 2.
2.1 2.8 3.2 4.5 4.9 4.3 4.9 3.9 4.9 6.7 3.0 2.
2.7 2.8 3.2 4.7 leeeennn 4.2 5.0 3.7 5.7 6.8 2.9 2.
2.8 2.7 3.1 4.6 |....... 3.2 4.8 3.7 6.0 6.2 2.8 2.
2.8 l.c.oenn 3.8 4.8 feeaennn 2.9 | ceeuen 4.1 §....... 5.7 L7 |eaneaen

Nore.—Discharge relation affected by backwater from about Dec. 1 to the latter part of August., See
“ Accuracy” in station description.
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Daily discharge, in second-feet, of Rainy River at International Falls, Minn., for the year
ending Sept. 30, 1913.

Day. Oct. | Nov | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
6,841 | 6,850 | 5,856 | 6,826 | 5,535 {11,023 | 9,490 | 5,251

5,647 | 5,602 | 6,246 | 6,831 | 6,216 |11,058 | 8,828 | 6,328

6,385 | 5,675 | 5,870 | 6,814 | 6,980 11,004 | 9,223 | 6,935

6,864 | 6,749 | 6,187 | 5,078 | 6,752 [11,606 | O 7,019

6,887 | 6,751 | 6, 6,331 | 6,868 |11,438 | 9,134 | 6,703

6,805 | 6,900 | 5,406 | 6, 6,904 (11,503 | 9,139 | 6,807

6,853 | 6, 5,438 | 6,827 | 6,820 [10,343 | 9,576 | 5,885

6,900 | 6,919 | 6,621 | 6,814 | 6,273 |10,106 (10,414 | 7,262

5,738 | 5,840 | 6,801 | 6,881 | 6,343 | 9,663 [10,022 | 6,821

5,849 | 5,725 | 6,865 | 6,820 | 6,705 {10,817 | 9,513 | 7,006

6,973 | 6,921 | 6,879 | 6,750 | 6,792 | 5,938 | 6,870 |13,475 | 8,658 | 7,014

6,972 | 5,778 | 6,884 | 6,780 | 6,783 | 6,172 | 6,911 [13,510 | 9,108 | 6,964

6,962 [ 6,124 | 6,878 | 6,716 | 5,883 [ 6,761 | 6,902 (12,836 | 9,076 | 7,010
6,675 | 6,911 | 6,872 | 6,798 | 5,419 | 6,788 | 7,052 (13,539 | 9,207 | 6,228
5,412 | 6,932 | 6,853 | 6,739 | 6,715 | 6,730 | 6,729 [14,483 | 0,264 | 6,455
5,532 | 6,941 | 5,618 | 5,464 | 6,837 | 6,765 | 6,308 114,332 | 8,968 | 6,960

’ 7,267 | 6,909 | 5,477 | 5,653 | 6,801 | 6,820 | 7,508 {14,570 | 8,758 | 7,094
6,987 { 6,947 | 6,865 | 6,730 | 6,716 | 5,994 | 7,410 {14,243 | 8,651 | 7,000
6,999 | 6,850 | 6,015 | 6,877 | 6,747 | 6,751 { 6,163 | 7,336 {15,290 | 9,050 | 6,985
7,015 | 6,989 | 5,073 | 6,853 | 6, 5,324 | 6,772 | 7,473 |14,706 | 8, 6,975
7,089 | 6,762 | 6,956 | 6,804 | 6,752 | 6,254 | 6,796 | 7,468 (12,187 [ 8,936 [ 6,535
7,033 | 5,900 | 6,945 | 6,844 | 6,715 | 6,368 | 6,777 | 6,689 [13,221 | 9,118 | 6,909
7,050 | 4,650 | 6,909 | 5,631 ,598 | 6,706 | 6,760 | 7,324 |13,254 | 8,888 | 7,060
6,174 | 6,581 | 6,937 | 6,054 | 4,921 | 6,758 | 6,785 | 7,814 (13,331 | 6,232 | 7,046
5,978 | 5,011 | 6,955 | 6,864 | 6,840 [ 6,726 | 6,162 | 7, 3, 7 7,215
7,002 | 4,501 | 5,896 | 6,847 | 6,813 | 6,746 | 6,088 | 7,856 {13,262 | 7,022 | 6,994
7,054 | 5,995 | 6,273 | 6,830 | 6,811 | 5,873 | 6,749 | 8,798 |12,802 | 6,965 | 6,015
7,047 | 6,549 | 6,856 | 6,830 | 6,775 | 6,180 | 6,550 | 8,832 [12,844 | 7,005 | 6,021
6,687 | 5,762 | 6,928 |....... 6,800 | 6, 6,889 | 9,673 (13,202 | 6,767 | 6,600
6,422 | 5,137 | 6,977 |.-.... .| 5,946 | 6,913 | 6,806 | 9,863 [13,727 | 6,765 | 7,08)
....... 6,751 | 6,981 |-..- 27| 5,990 |.......| 6,906 |.......[ 9,794 | 5,660 |... ...

o Interpolated by engineers of United States Geological Survey.

Note. Daily discharge record furnished by S. B. Johnson, hydraulic engineer, department of public
works, Canada, and were computed from power-house records. v ! ,

Monthly discharge of Rainy River at International Falls, Minn., for the year ending
Sept. 30, 1913.

[Drainage area, 14,600 square miles.a]

Discharge in second-feet.
Month.
Maximum. | Minimum. | Mean.

October 7,280 5,820 6,880
November. 7,200 5,260 6,730
December 7,270 4,590 6,280
January 6,980 5,070 6, 620
February. 6,900 5,480 6, 560
s D 6,920 4,920 6,420
ADKil. Lo eaae 6,910 5,320 6,370
28N 6,910 5,940 6,620
June............... PPN 9, 860 5,540 7,270
FULY . e e 15,300 9,660 12, 600
ABBUSE. ..o 10,400 5, 660 8,540
September 7,260 5,250 6,770
The year 15,300 4,590 7,320

@ “ Discharge in second-feet 11l)er square mile” and ‘Run-off (depth in inches)” are not published for
this drainage area, because such valules are believed not to represent the natural flow at this station. See
“Regulation” in station description.
Note.—Discharge computed to 3 significant ﬂgutes by engineers of the United States Geological Sur-
%ay f]l{‘gl!(l: the daily discharge record furnished by S. B. Jol m, hydraulic engineer, Department of Public
orks, Canada.

91388° —wsPp 355—156—b5
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VERMILION RIVER BELOW LAKE VERMILION, NEAR TOWER, MINN.

Location.—In sec. 2, T. 63 N., R. 17 W., just below the dam at outlet of Lake Ver-
milion, in St. Louis County, 4 miles above the mouth of Twomile Creek, which
enters from the west.

Records available.—May 17, 1911, to September 30, 1913.

Drainage area.—507 square miles.

Gage.—Vertical staff. From October to April, read once daily to hali-tenths; from
May to September, read morning and evening to half-tenths. Limits of use:
Hundredths below 1.0, half-tenths from 1.0 to 2.5, and tenths above 2.5 feet.

Channel and control.—There are steep rapids just below the gage. As the bed of
the stream is composed of solid rock and large bowlders, the control is permanent.

Discharge measurements.—Made from cable just below the gage.

Winter flow.—Owing to the heavy fall at the gage section, amounting to 20 feet in
200 yards, there is little or no backwater from ice during the winter months.
Regulation.—At the outlet of Vermilion Lake, a few hundred feet above the gage,
there is a dam which is used to raise the elevation of the lake for aid in navigation.
There are no gates in the dam, but on July 19, 1912, it was repaired. For a period
after this date the flow was lower than normal as there was less leakage. The
lake has a slightly larger storage at the present time so that the flow during the
winter period of 1912-13 was somewhat larger than it would have been had not

the dam been repaired.

Accuracy.—Conditions are favorable for fairly accurate results, the only uncertainty
being some inaccuracy in the discharge measurements owing to the very rocky
section.

Discharge measurements of Vermilion River below Lake Vermilion, near Tower, Minn.,
during the year ending Sept. 30, 1913.

) Gage | Dis
Date. Made by— height. | charge.

Feet. Sec.-ft.

Oct. 16 | 8. B, Soulé. L iiiiiceeineeea e eeeaeaaan 0.58 105

July 21§..... O 2.63 908
2 feanan 5 o J Uy 2.62 912
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Daily gage height, in feet, of Vermilion River below Lake Vermilion, near Tower, Minn.,
- Jor the year ending Sept. 30, 1913.

Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
0.6 0.5 0.5 0.5 0.5] 0.5) 0.52....... 3.3] 2.8 1.85 0.33
.6 .5 .5 .5 B W5 082 feeeealt 3.3| 2.7 1.95 .33
.6 .5 .5 .5 B B W52 ).l 3.4 2.6 1.85 .33
.6 .5 .5 .5 I3 Y N BN > 25 PO 3.4| 2.6 1.9 .33
.6 .5 .5 .5 .5 1.2 3.4| 2.5 1.8 .33
.6 b 5 .5 .5 1.3 3.5 2.5 1.65 .33
.6 .5 .5 .5 .5 1.3 3.5 2.35| 1.25 .33
.6 .5 .5 .5 .5 1.4 3.5| 2.4 1.2 .33
.6 b . .5 .5 1.4 3.5 2.35| 11 .33
.6 .5 .5 N N 1.4 3.5 2.3 .85 .33
.6 .5 .5 3 .5 1.4 3.5 2.4 .65 .33
.6 .5 . .5 .5 1.4 3.4 2.35 .6 .33
.6 .5 .5 .5 5 1.4 3.4 2.2 .55 .33
.6 .5 .5 .5 .5 1.4 3.4 2.25 .53 .33
.6 .5 .5 .5 .5 1.5 3.4 2.2 5 .33
.6 .5 533 .5 .5 1.6 3.4 2.25 .5 .33
.6 .5 .5 <5 .5 1.7 3.3| 2.2 .5 .33
.6 .5 .5 .5 .5 1.8 3.2 2.8 .5 .33
.6 .5 .5 5 .5 1.8 3.2| 2.25 .5 .28
.55 .5 .5 .5 .5 2.0 3.2 2.2 .45
s | 5| 5| .5 20| 81| 2.7
.55 .5 .5 .5 .5 2.5 3.0 2.2
.55 .5 .5 .5 .5 3.0 3.0| 2.0
.55 5 5 .5 .5 3.1 3.0 2.2
.85 .5 .5 .5 .5 3.2 2.9| 2.15
.85 <5 .5 .5 .5 3.2 2.9 2.15
.55 .5 .5 .5 .5 3.2 2.8| 2.0
.55 .5 .5 3.2 2.8 2.1
.55 .5 .5 3.3 2.8] 1.95
.55 .5 .5 3.3 2.7] 1.8
.13 PO .5 3.8 ... 1.9

Note.—Discharge relation probably not materially affected by ice during the year ending Sept. 30, 1913.

Daily discharge, in second-feet, of Vermilion River below Lake Vermilion, near Tower,
wnn., for the year ending Sept. 30, 1913. :

Oct. | Nov. [ Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

.............. 114 98 98 98 98 98 101 212 | 1,290 990 466 74
.............. 114 98 98 98 98 98 101 218 | 1,290 930 515 74
.............. 114 98 98 98 98 98 101 222 | 1,360 870 466 74
.............. 114 98 98 98 98 98| 101 | 226 1,360| 870 490 74
.............. 114 98 98 98 98 98.4 . 101 231 | 1,360 810 442 74
.............. 114 98 98 98 98 98 101 257 | 1,420 810 378 74
.............. 114 98 98 98 98 98 101 257 | 1,420 728 244 74
.............. 114 98 98 98 98 98 101 287 | 1,420 755 231 74
.............. 114 98 98 98 98 98 101 287 | 1,420 728 208 74
.............. 114 g8 98 98 98 98 101 287 | 1,420 700 158 74
.............. 114 98 98 98 98 98 101 287 | 1,420 755 122 74
.............. 114 98 98 98 98 98 101 287 | 1,360 728 114 74
.............. 114 98 98 98 98 98 106 287 | 1,360 645 106 74
.............. 114 98 98 98 08 98 106 287 | 1,360 672 103 74
.............. 114 98 98 98 98 98 106 321 | 1,360 645 98 74
.............. 114 98 98 98 98 98 112 1,360 672 98 74
- 114 98 98 98 98 98 119 398 | 1,290 645 98 74

. 114 98 98 98 98 98 125 442 | 1,230 700 98 74

. 114 98 98 98 98 132 442 { 1,230 672 98 68

. 106 98 98 98 98 98 138 540 | 1,230 645 390 68

1 106 98 98 98 98 145 540 | 1,170 590 90 68

4 106 98 98 98 98 98 152 810 | 1,110 645 83 64

. 106 98 98 98 98 98 158 | 1,110 | 1,11 565 83 62

. 106 98 98 98 98 o8 165 | 1,170 | 1,110 645 83 62

106 98 98 98 98 98 172 | 1,230 | 1,060 618 76 62

106 98 98 98 98 98 179 | 1,230 | 1,050 618 76 62

106 98 98 98 98 98 186 | 1,230 540 76 62

106 98 98 98 98 98 193 | 1,230 990 590 76 62

106 98 98| 98 f....... 98 200 | 1,290 90 515 76 62

106 98 98 98 foeecnnn 98 205 | 1,290 930 442 76 62

106 §....... 98 9 i...... 98 [ceenn-n 1,200 |....... 490 76 |oeeenn.

NoTE.—Daily discharge computed from a well-defined rating curve; Apr. 16 to May 4, estimated. Esti-
mates for October, November, and December differ from those ublished in Water-Supply Paper 325
because of a slight revision of rating curve below gage height 0.6 foot,and estimates of daily disc e below
this stage as published in that report should be revised by persons using them. At gage height 0.42 foot
(the minimum s which occurred in 1912) the revised rating curve gives a discharge about 43 per cent
less than that pub. d in Water-Supply Paper 325.
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Monthly discharge of Vermilion River below Lake Vermilion, near Tower, Minn., for the
year ending Sept. 30, 1913.

[Drainage area, 507 square miles.]

Discharge in second-feet. gun-oﬂ
(depth in )
Month, per | incheson ‘&:cc;,l
Maximum. | Minimum. | Mean. | square d{:;g;:;ge
mile. -
114 106 111 0.219 0.25 | B.
98 98 98 1 .22 | B.
98 98 98 193 .22 | B.
98 98 98 193 .22 | B.
98 98 98 _ 193 .20 | B.
98 98 98 193 .22 | B,
a 205 101 130 256 .29 | C.
1,290 a212 598 1.18 1.36 | B.
1,420 930 | 1,250 2.47 2.76 | A,
442 685 1.35 1.56 | A.
515 76 177 349 .40 | A.
74 62 69.9 138 .15 | B.
1,420 62| 203 578 7.85
a Estimated.

LITTLE FORK RIVER AT LITTLE FORK, MINN.

Location.

In sec. 9, T. 68 N., R. 25 W., at the lower of the two highway bridges in
Little Fork, 1} miles above mouth of Beaver Brook.

Records available.—June 23, 1909, to September 30, 1913.

Drainage area.—1,720 square miles.

Gage.—Vertical staff; read morning and evening to quarter-tenths. Limits of use:
Hundredths below 5.0, half-tenths from 5.0 to 6.0, and tenths above 6.0 feet.

Channel and control.—Practically permanent.

Discharge measurements.—Made from bridge.

Winter flow.—Determined by measurements made through the ice; river frozen over
at station during wiriter.

Regulation.—River used throughout spring and summer for log driving. No logging
dams on river; flow is natural.

Accuracy.—Conditions at station are favorable and records of flow should be reliable
except for temporary backwater from log jams at railroad bridge below gage.

Discharge measurements of Little Fork River at Little Fork, Minn., during the year ending
Sept. 30, 1913.

Gage Dis- - G Dis-
Date. Made by— height. | charge. || Dete- Made by height. | charge.
Feet. | Sec.t. ‘ Feet. | Secft.
Dec. 19 | 8. B, Soulé............. 5.82| a1i3 || May 1| 8.B.Soulé............. 13.32 | 3,560
Jan, 15 |..... QOuecearnnnnnannnns 5.58 | a78.6 || July 30 | B.J. Peterson......... 6.88 508
Feb. 18 |-.-.. 2 U, 5.50 | 53.3

aComplete ice cover. b Logs running during measurement, but not lodged anywhere.

n
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Daily gage height, in feet, of Little Fork River at Little Fork, Minn., for the year ending
Sept. 30, 1913.

[Herman I. Mous, observer.]

Day. Oct. | Noy, | Dec. | Jan. | Feb. | Mar. { Apr. | May. | June. | July. | Aug. | Sept.
8.0 13.3| 13.2 8.8 6.5 5.8
7.9 12.4| 13.3 86| 6.1 5:8
7.6 12.3 | 12,9 8.4 5.75 5.9
7.4 12.7 | 12.4 8.1] 5.6 6.0
7.2 13.2 | 11.8 8.8 | 5.7 6.0
7.1 13.2 | 12.4 9.2 | 5.7 6.1
7.1 13.0 ¢ 14.2 9.4 5.75 6.2
6.8 12.2 | 15.6 9.2 5.8 6.3
6.6 12.0 | 15.5 8.6 | 5.8 6.3
6.8 1.4} 14.3 7.9| 5.8 6.6
6.8 6.0 10.6 ) 13.2 7.6 5.9 6.8
6.7 5.95 10.4} 12.8 8.0| 5.9 7.2
6.8 5.95 10.2 1 11.8 9.4 5.9 7.0
6.6 5.9 10.0 | 11.0 9.5 5.9 6.9
6.7 5.9 10.2 9.8 9.4 5.9 6.8
6.7 5.9 10.6 9.4 9.4 5.8 6.9
6.6 6.2 13.4 9.7 9.6 | 5.8 6.8
6.5 6.4 16.4 9.4 9.9, 5.7 6.8
6.4 6.4 16.1 9.4 10.0} 5.7 6.6
6.4 6.4 (..en.en 15.7 9.0 9.6 565 6.5
6.2 6.3 13.6 9.0 9.4} 58 6.4
6.3 6.2 13.8 8.9 9.3] 6.2 6.4
6.3 6.1 14.5 8.6 9.2 6.0 6.4
6.2 6.1 14.4 8.2 9.0 5.95 6.3
6.1 6.2 13.7 7.8 8.7} 5.9 6.3
6.1 6.3 12.5 7.8 8.2} 5.95 6.3
595 6.3 |.. 11.5 7.6 7.6 5.9 6.3
5.8 6.3 10.8 8.1 7.2 5.9 6.3
6.1 6.3 11.1 8.4 7.01-5.9 6.3
6.1 6.2 |.. . 11.8 8.6 6.81 5.9 6.3
6.0 . oioifeiaeans 5. R 12.7 |....... 6.7 5.8 [--.....

Nore.—Discharge relation probably affected by ice about Nov. 17, 1912, to Apr. 16, 1913..

Daily discharge, in second-feet, of Little Fork River at Little Fork, Minn., for the year
‘ ending Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
.............. 3,490 | 1,360 482 289
3,540 {1,280 [ 368 280
3,320 | 1,190 276 315
3,060 | 1,070 | 240 341
2,760 | 1,360 | 264 341
3,060 | 1,540 264 368
4,040 | 1,630 216 395

4,810 | 1,540 289 423

4,760 | 1,280 302 423
4,100 989 289 513

3,490 870 315 578
3,270 { 1,030 | 315 719
2,760 | 1,640 [ 315 647

2,360 | 1,680 | 315 612

1,820 (1,640 | 315 578

2,180 | 1,640 | 1,640 | 302 | 612
3,600 (1,770 | 1,720 | 302 578
5,250 | 1,640 | 1,860 | 276 578
5,080 1,640 | 1,900 | 264 513
4,860 | 1,460 { 1,720 252 482
3,710 | 1,460 | 1,640 289 452
3,820 | 1,410 | 1,500 | 395 452
4,200 ) 1,280 {1,540 | 341 452
4150 | 1,110 | 1,460 | 328 423
3,760 { 949 | 1, 315 423
3,110 | 949 | 1,110 328 423
2,610 870 870 315 423
2,260 | 1,070 719 315 423
2,410 | 1,190 | 647 | 315 423
2,760 | 1, 578 | 3151 423
RN R 3,220 [...... 289 |......

Non‘E.—Dailg discharge coml?uted from a well-defined rating curve. Discharge estimated, because of
ice, from gage heights, ol er’s notes, 3 discharge measurements, and climatic records, as follows: Nov.
17-30, 300 second-feet; Dec. 118, 180 second-feet; Dec. 19-31, 105 second«Jeet; Jan. 1-14, 90 second-feet; Jan.
15-31, 75 second-feet; Feb, 1-17, 60 second-feet; Feb. 18-28, 55 second-feet; Mar, 1-31, 85 second-feet; Apr.
1-9, 100 second-feet; and Apr. 10-16, 1,500 second-feet.
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Monthly discharge of Little Fork River at Little Fork, Minn., for the year ending Sept.
30, 1913.

[Drainage area, 1,720 square miles.]

Discharge in second-feet. Run-off
(depth in
Month, Per | incheson ‘}::‘?'
Maximum, | Minimum. { Mean. square | drainage Y-
mile. area).
539 0.313 0.36 | B
318 .185 2110
150 .087 .10 | C.
82 .048 .06 | C.
58 . 034 04 ) C.
85 .049 .06 | D.
2,470 1,44 1,61 ) C.
3,180 1.85 2.13 | B.
2,350 1.37 1.53 | B.
1,320 767 .88 | A.
309" .180 .21 | A,
464 270 .30 | A.
The year........coeieicennnnan PR PR P 946 . 550 7.49

UPPER MISSISSIPPI RIVER DRAINAGE BASIN.

MISSISSIPPI RIVER ABOVE SANDY RIVER, NEAR LIBBY, MINN.

Location.—In sec. 25, T. 50 N., R. 24 W, a short distance above the mouth of Sandy
River, near Libby post office, in Aitkin County.

Records available. ——Sepbember 1, 1895, to September 30, 1913.

Drainage area.—4,510 square mlles.

Gage.—Vertical staff.

Discharge measurements.
Corps, stationed at Sandy Lake dam.

Regulation.—Flow controlled in the interest of navigation by three Treservoirs,
namely, Lake Winnibigoshish, Leech Lake, and Pokegama Falls. .

Cooperation.—Station maintained by United Stabes Engineer Corps for the purpose
of determining the flow of the river above Sandy Lake reservoir.

Daily discharge, in second-fect, of Mzsmssn;]n River above Sandy River, near I/Lbby, Minn.,

Jor the year ending Sept. 30, 1913.

Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
918 636 2,040 | 2,270 | 2,470 | 1,840 | 1,570
385 633 | 676 | 2,040 | 2,260 | 2,350 | 1,820 | 1,630
853 630 696 | 2,040 | 2,260 230 | 1,790 | 1,700
820 628 716 | 2,040 | 2,260 { 2,110 | 1,7 1,760
787 625 | 738 | 2,040 | 2,260 | 1,990 | 1,740 | 1,820
755 622 | 758 | 2,040 | 2,260 | 1,870 | 1,710 | 1,880
722 620 ] 778 12,040 | 2,250 | 1,750 | 1,680 | 1,890
690 617 | 798 | 2,040 | 2,250 | 1,630 | 1,660 | 1,900
657 614 | 83402,02012,250 11,8201 1,690 | 1,910
624 611 | 869 | 2,000 | 2,250 | 2,000 | 1,720 | 1,920
592 608 | 905 | 1,080 | 2,270 | 2,180 [ 1,750 | 1,930
559 600 | 940 1,070 | 2, 2,360 | 1,780 | 1,940
523 593 | 976 | 1,950 | 2,320 | 2,540 | 1,810 | 1,900
522 586 | 1,010 | 1,930 | 2,340 { 2,720 | 1,840 | 1,860
521 579 | 1,050 | 1,920 | 2,360 | 2,910 | 1,870 | 1,820
521 572 | 1, 1,900 | 2,380 | 3,090 ( 1,900 | 1,780
520 564 1 1,120 | 2,010 { 2,400 | 3,270 | 1,890 | 1,740
519 557 | 1,160 | 2,120 | 2,430 | 3,450 | 1,870 | 1,700
518 550 | 1,250 | 2,220 | 2,450 | 3,300 | 1,850 | 1,660
517 543 [ 1,340 | 2,330 | 2,470 | 3,130 | 1,830 | 1,620
516 551 | 1,430 | 2,440 | 2,500 | 2,960 | 1,810 | 1,580
520 550 1 1,520 | 2,540 | 2,510 | 2,790 | 1,790 | 1,540
525 567 | 1,610 | 2,650 | 2,520 | 2,620 | 1,770 | 1,520
530 575 | 1,700 | 2,600 | 2,530 | 2,430 | 1,760 | 1,490
534 583 | 1,800 | 2,550 | 2,540 | 2,260 | 1,720 | 1,470
538 591 | 1,850 | 2,500 | 2,550 | 2,200 | 1,680 | 1,450
543 600 | 1,900 | 2,460 | 2,560 | 2,130 | 1,650 | 1,420
548 608 | 1,940 | 2,410 | 2,570 | 2,070 | 1,620 | 1,400
552 617 | 1,990 | 2,370 | 2,580 | 2, 1,580 | 1,370
557 626 | 2,040 | 2,320 | 2,590 | 1, 1,540 | 1,350
563 541 [oieeed] 634 (....... 2,270 |-.... ..{ 1,870 | 1,510 |.......




|
UPPER MISSISSIPPI RIVER DRAINAGE BASIN, . *il

Monihly discharge of Mississippi River above Sandy River near Libby, Minn., for the year
ending Sept. 30, 1913.

Discharge in second-feet. Run-off
- (total in
Month. millions of
. Maximum. | Minimum. | Mean. |cubic feet).
2,440 1,500 1,810 4,850
1,460 950 1,080 2,800
918 516 611 1,640
574 541 557 1,490
638 493 544 1,320
636 543 597 1,600
2,040 654 1,200 3,110
2,650 1,900 2,190 5,860
2,590 2,250 2,390 6,190
3,450 1,630 2,400 6,430
1,900 1,510 1,750 4,690
1,940 1,350 1,680 4,350
3,450 493 1,410 44,300

Note.—Computed by engineers of the United States Geological Survey from daily discharge record
furnished by the United States Engineer Corps.

MISSISSIPPI RIVER AT ANOKA, MINN.

Location.—At highway bridge connecting Anoka with Champlain, a short distance
above mouth of Rum River. !

Records available.—November 3, 1896, to September 10, 1897 (United States Engi-
neer Corps records); May 8, 1905, to December 31, 1913, when station was dis-
contigued.

Drainage area.—17,100 square miles.

Gage.—Chain gage; read morning and evening to half-tenths. Limits of use: Half-
tenths below and tenths above —0.7 foot. Staff gage prior to 1909; datum of chain
gage same as that used by United States Engineer Corps in 1896 and 1897.

Channel and control.—Practically permanent; control temporarily changed for a
few days at a time by log jams.

Discharge measurements.—Made from bridge.

Winter flow.—Affected by ice; regular observations discontinued. Monthly dis-
charge during winter. based on, records of flow kept by United States Engineer
Corps at Lock and Dam No. 2 below Minneapolis, allowance being made for
increase in flow between the different points.

Regulation.—Nearest dam located at Minneapolis but, because of the fall between
the two points, does not influence Anoka station. The first dam above Anoka is
at St. Cloud. The flow of the river is controlled by Government dams on the
upper river at Lake Winnibigoshish, Leech Lake, Pokegama Falls, Sandy Lake,
Pine River, and Gull Lake, for the purpose of increasing the low-water, open-
season flow in the.interest of navigation. Riverisused extensively for log driving,
but there is very little backwater from log jams below the station, except for a
few days atatime. Beginning December 21 the discharge relation was affected
by new dam at Coon Creek Rapids.

Accuracy.—Records relisble. No measurements made during 1907 and 1908, but
those made subsequently indicate no great change in rating curve as developed
in 1897, 1905, and 1906; therefore it can be applied to all gage heights since estab-
lishment of station.
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Daily discharge, in second-feet, of Mississippi River at Anoka, Minn., for the period Oct. 1,
1912, to Dec. 21, 1913.

Day. Oct. | Nov. | Dec.| Jan. | Feb. | Mar. | Apr. | May. | June. { July. | Aug. | Sept.
4,740 | 6,780 | 4,740

4,980 | 6,440 | 4,980

4,980 | 6,110 | 4,980

7,520 | 4,980 | 4,980

6,780 | 5,510 | 4,740

6,110 | 4,980 | 4,980

7,520 | 5,510 | 4,740

8,700 [ 4,980 | 5,240

9,100 | 5,510 | 4,980

8,300 | 5,240 | 5,800

8,300 | 5,240 | 6,440

8,300 | 5,240 | 6,780

8,300 | 5,240 | 6,110

9,100 | 4,740 | 6,440

9,500 | 4,980 | 6,440

16.......o..| 4,080 (8,340 |l 4,510 | 6,110 | 4,510 | 11,200 | 4,740 | 6,780
17 iaaenn 10,700 | 5,240 | 6,110
ET: I 10,700 | 5,240 | 6,440
9. ..., 11,200 | 5,510 | 5,800
b | 5,800
b1 I 5,510
22 .. 5,510
23t eennnnn 5,240
DY S 5,800
P 5,240
26 ... 5,510
by S 5,240
DT 5,510
29 ..., 4,510
30 ciennn. 4,980
Bloemaninl] 3690 Joee i oo e e eaeee| 8,300 (... 7,520 5,240 ) ... ..
Day Oct. | Nov. | Dec. Day. Oct. | Nov. | Dec,

NotE.—Daily disch: computed from a rating curve well defined between 3,180 and 29,700 second-feet
%age heights —0.5 and 6.0 feet). Discharge estimated, because of ice, from the flow of the Mississippi at

am No. 2 as determined by the United States Engineer Corps, minus the flow of Rum River at Cam-
bridge, and the estimated inflow from the remaining drainage area between Ancka and Dam No. 2, as fol-
lows: . 1-31, 1912, 2,640 second-feet; Jan. 1-31, 1913, 2,260 second-feat; Feb. 1-28, 1,910 secoud-ﬁeef; Mar.
1-31, 2,400 second-feet; and Dec. 21-31, 1913, 4,290 second-feet.
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Monthly discharge of Mississippi River at Anoka, Minn., from Oct. 1, 1912, to Dec. 31,
1918.

Discharge in second-feet.
Accu-
Tacy.

Month.
Maximum. | Minimum. | Mean.
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MISSISSIPPI RIVER AT ST. PAUL, MINN.

Location.—Near foot of Robert Street, St. Paul, 6 miles below mouth of Minnesota
River.

Records available —-March 1, 1892, to September 30 1913. Gage hexghts by United
States Singal Service (later United States Weather Bureau) 1873 to 1913; many
discharge measurements by United States Engineer Corps prior to 1900; measure-
ments by United States Geological Survey 1909 to 1913. .

Drainage area.—35,700 square miles.

Gage.—Chain gage, read once daily to tenths, installed May 9, 1913, on Chlca,go &
Great Western Railroad bridge, about 800 feet below vertical staff gage near foot of
Wabasha Street used until that date. Previous to 1911 a vertical staff was located
on the Diamond Joe Line wharf at the foot of Jackson Street, about 400 feet below
the present chain gage. At the lower end of the wharf is the United States Engi-
neer Corps gage, the datum of which is 0.5 foot higher than that of the Weather
Bureau gage, to which all data herein are referred.

Channel and control.—No well-defined control; channel shifts somewhat from year
to year.

Discharge measurements.—Made from the Omaha Railway bridge 2 miles above
the station.

Winter flow.—River frozen from December to March.

Regulation.—Flow is regulated to a certain extent by Government reservoirs on
headwaters at Lake Winnibigoshish, Leech Lake, Pokegama Falls, Sandy Lake,
Pine River, and Gull Lake, but effect of these reservoirs is very gradual at St. Paul.
Possibly the shutting of the wheel gates of the nearest-dam at Minneapolis may
cause some daily fluctuations of stage at St. Paul during extreme low water.

Maximum and minimum flow.—Highest recorded discharge, 117,000 second-feet,
occurred July 22, 1867; highest discharge since 1892, 80,800 second -feet; winter
flow has fallen nearly as low as 1,000 second-feet.
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Accuracy.—As the Weather Bureau gage is read once a day, the recorded mean gage

height for the day may be somewhat in error, although occasional additional read-
ings have shown this error was not very serious, largely because of the natural
storage of the river channel between the Minneapolis dam and St. Paul. Pre-
vious to 1900 the United States Engineer Corps made many discharge measure-
ments at St. Paul, the results of which are published by the Mississippi River
Commission. Although the base data for estimating the daily flow of the river
are available for years prior to 1892, the reservoir system was not then in complete
operation, and as this system has had marked influence on the regimen of the
river it is evident that the earlier records have lost much ¢6f their value as indi-
cations of probable future flow.

Cooperation.—Gage heights furnished by the United States Weather Bureau.

Data on which mean monthly flow from January to March has been estimated
furnished by United States Engineer Corps.

Discharge measurements of Mississippi River at St. Paul, -Minn., during the year ending

Sept. 80, 1913.

. Date. Made by—=— h‘e;ﬁet. ehgge. Date. Made by— hﬁﬁ‘? ch]ZrLZe
Feet, | SecAfi. Feet. | Sec.fi.

Mar. 28 Hoyt and Soulé........ 0.38 3,830 || June 24 | Soulé and Peterson....| 1.94 6,160

May 14 (.....d0..cciiecncenann.. 3.16 8,570 |{ Sept. 12 | Hoyt and Soulé........ 3.01 8,230

Daily gage keigi;t, in feet, of M@sm&g?m River at St. Paul, Minn., for the year endmg

. ept. 30, 1918.
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1. 0.8 | —~0. 0.0 | ~0, 0.
1. . -
1.
1. 1
1.
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Note.—Discharge relation probably affected by ice about Dec. 1, 1912, to Mar. 31, 1913,
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Daily discharge, in second-feet, of Mississippi River at St. Paul, Minn., for the year ending
Sept. 80, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
| SO 5,170 | 4, 5,730
2 iiiiannns 5,170 | 4, 5,390
E R 5,170 | 4, 5,560
4o 3 4, 6,270
[ I, 5,170 | 4, 6,000
[ T 5,170 | 4, 5,910
| SO .| 5,000 | 4 5,730
8 irrecaans 5,000 | 4, 5,560
[ I, .| 5,000 | 3, 5,560
100ceeinennn. .| 5,000 | 3, 5,730
15 SO 4, 3, 7,400
120 5,170 | 3, 7,800
13 ciiiieaen ..l 5,170 | 3, 8,000
4. eemeaan 5,170 | 3, 8,000
15 e, 5, 3, 7,400
6 it 5,000 | 3, 7,200
170 ieeaans 5,000 | 4, 7,200
b SO 4,840 | 3,9 7,208
19 4,690 | 3,92 7,20
2 O 4,840 | 3,800 7,860
b DU 4,840 | 3,800 7,800
b7 I 4,840 | 3,800 7,200
P S 4,550 | 3,920 7,010
2. e, 4, 3,920 6,630
25 e 4,600 | 3,800 6,630
b 4,840 | 3,680 6,630
27 e, 4,690 | 3,330 6,450
28, e 4,690 | 3,120 6,270
20, 4,840 | 3,120 6,270
E) I 4,550 | 3,030 6,090
E S, 4,420 .. e oo eeenaafe e ]13,600 [ L....] 9,050 | 6,270 |...... .

Norte.—Daily discharge computed from two well-defined rating curves. New rating curve used begin-
ning Apr. 1, 1913, Discharge estimated because of ice, from discharge at lock and dam No. 2, from records
of United States En%‘.neer orps, and flow at Mankato, as follows: Dec. 1-31, 3,170 second-feet; Jan. 1-31,
2,770 second-feet; Feb. 1-28, 2,350 second-feet; and Mar. 1-31, 3,770 second-feet.

Monthly discharge of Mississippi River at St. Paul, Minn., for the year ending Sept. 30,
. 1913.

Discharge in second-feet. .
Aceu-

Month. racy.
Maximum. | Minimum. | Mean.

N T ) P 15,800 {.ovvennnnnn 6,000

NotE.—Means for December to March, inclusive, based on records of United States Engineer Corps at
lock and dam No. 2 below Minneapolis, allowance being made for flow of Minnesota River.
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SANDY RIVER BELOW SANDY LAKE RESERVOIR, MINN.

Location.—At the Sandy Lake dam, near Libby post office, in Aitkin County, 1
mile above the mouth of Sandy River.

Records available.—July 7, 1893, to September 30, 1913.

Drainage area.—424 square miles.

Area of reservoir behind dam.—At low stage 8 square miles; at high stage 16.5
square miles; these areas with a range of 9.4 feet give a capacity of 3,127,900,000
cubic feet. .

Discharge measurements.—The discharge over the dam is computed from the
the flow through the openings and from frequent discharge measurements made
by an employee who resides near the dam. Atextreme flood stages the Mississippi
drowns out the dam and fills Sandy Lake reservoir as much as 3 feet higher than
was intended. If the Mississippi is at fairly high stage and the dam is open there
is frequently a considerable reverse flow into the reservoir, but the amount of this
flow has not been computed.

Cooperation.—Station maintained by the United Stases Engineer Corps for the
purpose of measuring the flow from the Sandy Lake reservoir, which is one unit
in the Government reservoir system at the headwaters of the Mississippi.

Daily discharge, in second-feet, of Sandy River below Sandy Lake reservoir, Minn., for
the year ending Sept. 30, 1918.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
0 5 5 5 5 5 5 5 10 200 140 499
.0 5 5 5 5 5 5 5 10| 200 78 501
5 5 5 5 5 5 5 5 10 201 502 - 499
5 5 5 5 5 5 5 5 10 202 501 502
5 5 5 5 5 5 5 5 10 202 | 500 499
5 5 5 5 5 5 5 5 10 100 499 500
5 5 5 5 5 5 5 5 10 99 | 502 501
5 5 5 5 5 5 5 5 10 102 500 500
5 5 5 5 5 5 5 5 10 101 501 501
5 5 5 5 5 5 5 5 10 103 501 499
5 5 5 5 5 5 5 5 200 100 500 500
5 5, 5 5 5 5 5 5] 350 102 500 500
5 5 5 5 5 5 5 5 202 100 500 500
5 5 5 5 5 5 5 5| 200 76 502 501
5 5 5 5 5 5 5 5 202 52 502 499
5 5 5 5 5 5 5 5 198 53 501 500
5 5 5 5 5 5 5 5 201 52 499 501
5 5 5 5 5 5 5 5] 202 52| . 502 499
5 5 5 5 5 5 5 5 199 171 502 499
5 5 5 5 5 5 5 5 201 386 499 502
5 5 5 5 5 5 5 51 201 460 500 500
5 5 5 5 5 5 5 5| 202 476 502 500
5 5 5 5 5 5 5 5| 200 428 | 501 500
5 5 5 5 5 5 5 5 199 291 500 500
5 5 5 5 5 5 5 5] 201 223 500 500
5 5 5 5 5 5 5 10 201 278 500 499
5 5 5 5 5 5 5 10 198 270 499 500
5 5 5 5 5 5 5 10] 202 500 500
5 5 5 5 5] -5 10 20| 222 501 499
5 5 5 5. 5 5 10 200 200 | 500 502
[ 3] PR 5 5 [ I 10 |....... ‘175|501 |.......
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Monthly discharge of Sandy River below Sandy Lake reservoir, Minn., for the year ending
Sept. 30, 1918.

Discharge in second-feet. Run-off

(total in

Month, . n}ﬂli%lim
: of cubic

Maximum. | Minimum. | Mean. feet).
5 0 4.7 12.6
5 5 5 13.0
5 5 5 13.4
5 5 5 13.4
5 5 5 12.1
5 5 5 13.4
5 5 5 13.0
10 5 6.0 16.1

350 10 142 368

476 52 190 509

503 78 475 1,270

502 499 500 1,300

503 0 113 3,550

Y

Note.—Computed by engineers of the United States Geological Survey from record of daily discharge
urnished by the United States Engineer Corps.

PINE RIVER BELOW PINE RIVER RESERVOIR, MINN.

Location.—In T. 137 N, R. 27 W., just below dam at outlet of Cross Lake, which is
15 miles above the mouth of Pine River in the central part of Crow Wing County.

Records available.—March, 1886, to September 30, 1913.

Drainage area.—452 square miles.

Area of reservoir surface above dam.—At low water 18 square miles; at high
water 24 square miles. These areas, with a range of 16.15 feet, give a capacity of
7,732,900,000 cubic feet. The dam raises the water level in Cross, Pine, Daggett,
Rush, Whitefish, Trout, and Hay lakes by varying amounts.

Discharge. -—De'oermmed from daily gage heights representing the head at the dam
and from the various sized openings in the dam.

Cooperation.—Station maintained by United States Engineer Corps.

Pine River reservoir is the lowest in the present system of Government reservoirs
on the headwaters of the Mississippi. Although the discharge at the dam represents
the flow from the reservoir, it does not represent the entire flow of Pine River at its
mouth, because between the two points the drainage area of the river isincreased from
452 to 691 square miles by Little Pine River and one or two other minor tributaries.
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Daily discharge, in second-feet, of Pine River below Pine River Reservoir, Minn., for the
year ending Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
59 57| 63| a68 73 57 50| 216 63 66
59 58 63 68 73 57 50 216| o64|. 66
58 59 63 68 73 a 58 50 216 64 66
58 @ 59 64 69 74 58 50 216 64 66
58 59 64 69 a74 58 50 | o216 64 66
57 59 64 69 75 59 491 215 64 67

a57 60 65 70 75 50| 49| 214 64 66
57 60| 65| a70 56 59 49| 212 64 65
57 60 65 71 56 60 109 a64 54
57 61 65 71 55 a 60 52 108 64 56
57 61 85 72 55 60 310 107 64 56
57 61 65 72 a 55 61 310 | 106 64 57
58 61 65 73 56 62 308 104 64 a58

a58 61 85 74 57 62| 2193 100 65 58
58 62 a 65 a5 58 63 195 65 65 58
59 62 65 74 59 63 200 64| c65 59
59 63 65 74 354 a6d 204 63 65 110
59 e63 |. 65 73 356 64 62 65 115
60 63 66 73| ¢358 65 210 a6l 65 120
60 64 66 72| 346 65 215 61 65| o124

a6l 64| 66 e} 53 66 | 2219 61 66 124
61 64 a 66 a 69 54 67 219 61 66 124
60 65 66 69 54 67 218 62 e 66 124
59 65 66 56| a68 218 62 66 124
58 265 66 70 56 65 217 62 66 125
57 65 66| 71| 56 60| 217| e62 66 125
56 66 66 71 56 58 216 62 66 @125

a 55 66 66 57 56 | a215 62 66 125
56 65 (.......| a72 57 54 215 62 66 125

. 56 65 72 58 52 216 63 @ 66 125
57 66 ;35 a50)....... 63 66 1.ceennn

e Discharge measurement.

. NorE.—Daily discharge for November differs from that published in the report of the water-resources
investigation of Minnesota, 1911-12, ip 122, which is erroneous, having been estimated froin record of gate
openings, whereas the figures here given are based on discharge measurements.

Monthly discharge of Pine River below Pine River Reservoir, Minn., for the year ending
) Sept. 80, 1918.

[Drainage area, 452¢ square miles.]

Discharge in second-feet. Run-off
(total in
Month. i L millions of
: Maximum. | Minimum. | Mean. |cubic-feet).
145 12 91.3 245
80 51 b58.4 151
61 55 58.0 155
57 62.2 167
66 63 65.0 157
75 68 71.1 150
358 53 99.8 259
68 50 60.5 162
310 49 167 433
216 61 110 205
66 63 64.9 174
125 54 89.9 233
358 12 83.1 2,620

e Discharge in second-feet per square mile”” and “Run-off (depth in inches)” not computed for this
drainage area because flow past the gaging station is controlled in the interest of navigatiog, as noted in
the station description.

b Bee footnote to table of daily discharge.

NoTte.—Computed by engineers of the United States Geological Survey from record of daily discharge
furnished by the United States Engineer Corps. v v
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CROW WING RIVER AT NIMROD, MINN.

Location.—In sec. 32, T. 137 N., R. 33 W, at steel highway bridge at Nimrod post
office, 1 mile above mouth of Cat River, 1 mile below mouth of Willow Creek and
about 12 miles east of Sebeka, the nearest railroad point.

Records available.—April 15, 1910, to September 30, 1913.

Drainage area.—1,010 square miles.

Gage.—Chain gage attached to the bridge; read morning and evening to quarter-
tenths. Limits of use: Hundreds below 5.0, hali-tenths from 5.0 to 6.0, and
tenths above 6.0 feet.

Channel and control.—No.well-defined control; channel practically permanent
during period covered by records.

Discharge measurements.—Made from bridge.

Winter flow.—Affected by ice; observations discontinued when river is frozen.

Regulation.—Dam at outlet of Lower Crow Wing Lake controls water from that part
of drainage area. River used for logging but since establishment of station flow
has not been affected by log jams. River has considerable fall near station, and
1 mile above makes a descent of 12 feet, known as Western Rapids.

Accuracy.—See footnote to daily discharge table.

The following discharge measurement was made by S. B. Soule:
May 27, 1913: Gage height, 4.86 feet; discharge, 378 second-feet.

Daily gage height, in feet, of Crow Wing River at Nimrod, Minn., for the year ending
Sept. 30, 1913.

[W. H. Wintermute, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
5.0 4.80 4.681 4.80 | 4.92| 5.2 5.2
5.0 4.80 |. 4.68| 4.80 | 4.92{ 5.2 5.2
5.0 4.80 4.70| 4.78| 4.92] 52 5.2
5.0 4.80 4.69| 4.75] 4.9 52 5.4
5.0 4.80 4.68) 4.78 | 515| 5.2 5.5

- 8.0 4.80 4.68| 4.78| 5.15) 5.2 5.5
5.0 4.80 4.68| 4.78| 5.2 | 52 5.5
5.0 4.80 |. .2 4681 4.751 5.2 5.15 5.45
5.0 4.80 |. . 2 4.68| 4.75] 525] 515 5.45
4.98 | 4,80 . 0 4.65| 4.72| 5.2 | 5.1 5.5
495 4.80 6.0 4,65 | 4.72| 5.4 5.1 5.5
4.98 | 4.80 |. 5.3 4.65( 4.70| 5.45| 5.1 5.5
4.98 | 4.82 | 4.89| 4.65| 4.70] 5.4 5.1 5.5
4.95 | 4.85 1. 4.80 | 4.65] 4.70| 5.45] 5.1 5.45
4.95 | 4.8% 4.76 | 4.69) 4.70| 5.55| 5.1 5.45
4,92 | 4.86 4.7 | 4.85{ 4.70| 5.65] 5.1 5.4
4.90 | 4.82|. 4.72) 4.85| 4.70] 5.65| 5.15 5.4
4.88 | 4.80|. 4.70| 4.85] 4.70] 5.6 5.25 5.4
4.88 | 4.80 |. 4.70| 4.86| 4.781 5.55| 5.3 5.4
4.88 | 4.78 |. 4,70 | 4.94| 4.78]| 5.55| 5.3 5.35
4.88 | 4.78 4.681 4.95| 4.75( 5.5 5.3 5.3
4.88 | 4.75 | 4.68| 4.92! 4.70| 555] 5.3 5.3
4.851 4.75 1. 4.68( 4.92|. 470 | 5.5 5.25 5.3
4.85 1 4.90 |. 4.70| 4.90| 4.70| 5.5 5.25 5.3
4.85] 5.4 |. 4.70 | 4.90| 4.70( 5.5 5.2 5.26
4.8 | 5.05 4.69 )| 4.90| 4.88] 5.45| 5.2 5.25
4.8 | 5.1 4.68) 4.881 4.90| 5.3 5.2 5.2
4.82 | 5.1 4.68| 4.82| 4.8 5.2 | 5.2 5.2
4.80 | 5.1 4.68| 4.80| 4.85) 52 | 52 5.2
4.8 | 52 |. 4.681 4.80 | 4.92} 5.2 5.2 5.2
L5820 I S VOO POUION DORIPNN IR A 4.80 ....... 5.2 52 |.......

Nore.—Discharge relation affected by ice about Nov, 24, 1912, to Apr. 11, 1913,
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Derily discharge, in scvond-feet, of Crow Wing River at Nsmrod, Minn., for the year enching

Sept. 30, 1948.
Day. 4 'Oot. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. { Fune.q July. | Aug. | Sept.
253 324 402 604 604
258 | 324 402] e604| 84
264 312 402 604 604
258 294 429 6041 758
253 312 567 604 838
253 312 67 604 838
253 312 604 604 838
253 204 604 567 798
253 204 641 567 798
236 276 604 530 838
.ol 236 276 758 530 838
678 236 264 798 580 838
382 236 264 758 580 838
324 236 264 798 530 798
300 258 264 880 580 798
294 356 264 966 580 758
276 356 264 966 567 758
264 356 264 923 641 758
264 362 312 880 678 758
264 418 312 830 878 ] 718
233 ~ 422 204 ‘838 678 678
253 402 264 880 678 678
253 402 264 838 641 678
264 388 264 838 641 678
264 388 264 838 641
2581 3884 ar51 798| 64| em
253 375 388 678 604 604
253 7 37 604 604 604
253 324 356 604 604 604
2531 824 402 | - 604 604 604
ceeee-a) B241...... | 604 604 |......0

eeg uted from a rating curve fairly well defined between 160 and 678 second-

feet (gage helghts 4.5and 5. 3f ) Estlmates above 67Sseoo feet based on an extension of the disclmrge

?tmg curve and should th ‘be used with eautien. Discharge Nov. 24-30, 1912, estimated, because
1 ice, from climatic tecords imd dlscharge of adjacent drainage areas, at 264 second-feet.

Monthly discharge of Crow Wing River at Nimrod, Minn., for the year ending Sept. 80,
1913.

[Drainage area, 1,010 square miles.]

Discharge in second-feet. (f}“"tg‘ i
epth in
Month. | per | incheson “%:cc“'
. . drainage ¥y
Maxinmurm. | Minimum. |* Mean. | square
mile, area).
457 324 461 0. 397 0.46 | A.
382 [-.oooal.. 319 .316 .351C
678 253 292 .21 ¢
422 236 311 . 308 .36 1 A
032 264 299 .33 | Al
766 402 708 .701 .81 1 A,
678 530 501 .68 | A.
838 604 726 .719 .80

CROW WING RIVER AT MOTLEY, MINN.

Location.—At highway bridge at north edge of village of Motley, about one-fourth
mile north of Northern Pacific Railway station and about 2 miles above mouth of
Prairie River, the nearest tributary.

Records available.—June 10 to November 30, 1909; April 15 to September 30, 1913,

Drainage area.—2,140 square iniles.

* 91388°—wsp 355—15——6
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Gage.—Vertical staff gage; read morning and evening to hundredths.. Limits of use:
Hundredths below 6.0, hali-tenths from 6.0 to 7.5, and tenths above 7.5 feet.

Channel and control.—Fairly permanent.

Discharge measurements.—Made from upstream side of two-span highway bridge.

Winter flow.—River frozen over during the winter months; observations discon-
tinued.

" Regulation.—Nearest dam above station is over 60 miles upstream and has very .

slight effect on flow at station. )

Accuracy.—Backwater from possible log jams at certain periods may affect the dis-
charge relation.

Discharge measurements of Crow Wing River at Motley, Minn., during the year ending
Sept. 30, 1913.

Gage Dis-
Date. Made by— height. | charge.
Feet. Sec.-ft.
ﬁpr' 15 6.35 723
ay 26 6.77 1,120

Daily gage height, in feet, of Crow Wing River at Motley, Minn., for the year ending Sept.
30, 1913.
[S. W. Jacobs, observer.]

Day. Apr. | May. | June.| July.| Aug. | Sept. Day. Apr. | May. | June.|July. | Aug. | Sept.
6.45]16.3 | 6.45]| 6.3 6.8 16.0517.2 ]6.3 6.75

6.4 |6.25(6.35] 6.25 6.9 |60 [7.25/6.3 6.7
6.35|6.2 {6.35] 6.2 6.9 16.0 |7.3 |6.3 6.65

6.3 |6.25 6.3 6.5 6.85[6.05|7.2 |6.45| 6.65

6.3 16.7 |6.3 6.8 6.8 6.1 | 7.1 |6.6 6.6

. 6.3 16.9 [6.25| 6.8 6.856.15 7.0 {6.65] 6.6
. 6.25|6.95| 6.2 6.85 6.9 ]6.1 | 7.0 [6.65] 6.6
. 6.25)7.0 | 6.2 6.85 6.9 16.05)7.0 {6.65] 6.5
3 6.2 | 7.06 | 6.2 6.75 6.9 16.05(6.85|6.65] 6.55
.25 | 6.2 | 6.95] 6.2 6.75 6.85 6.1 |6.8 |6.45| 6.55
.25 16.1516.951 6.2 6.85 6.7516.2 {6.95 6.5 6.5
.3 {6.1 |7.05]|86.2 6.9 6.7 6.2 16.7516.45| 6.5
.3 6.1 |7.15]6.3 6.9 6.6 | 6.2 {6.65]6.4 6.45
.3 | 6.06(7.15]86.2 6.85 6.5516.15 1 6.55 { 6.35 | 6.45
.5 1605715 6.2 6.8 6.4516.3 (6.5 |6.3 6.45
6.45 |...... 6.5 |63 [......

Daily discharge, in second-feet, of Crow Wing River, at Motley, Minn., for the year ending
Sept. S0, 1913.

Day. |Apr.| May. |June.| July. | Aug.| Sept. Day. | Apr.| May. | June.] July. | Aug. ] Sept.,
650 | 784 680 | 784 680 | 1,060
650 | 747 650 | 714 680 | 1,000
680 | 714 621 | 714 680 955
714 | 680 650 | 680 784 955
747 | 680 ] 1,000 | 680 907 907
714 | 680 | 1,240 | 650 955 907
680 | 650 {1,300 { 621 955 907
680 | 650 | 1,360 | 621 955 | 822
680 | 621 | 1,440 | 621 955 864
650 | 621 | 1,300 [ 621 784 864
650 1 596 { 1,300 { 621 822 822
680 ; 571 11,440 621 784 822
680 | 5711 1,580 | 680 747 784
680 | 550 | 1,580 | 621 714 784
822 | 550 | 1,580 | 621 ggg 784

6 NIOTE .—Daily discharge computed from a rating curve well-defined above 621 second-feet (gage-height
.3 feot.



UPPER MISSISSIPPI RIVER DRATINAGE BASIN, 83
Monthly discharge of Crow Wing River at Motley, Minn., for the year ending Sept. 50,
1918,

[Drainage area, 2,140 square miles.]

Discharge in second-feet. g’un'ﬁ’ &
epth in
Month. Per gnc s 01 ‘:gg'yl'
Maximum. | Minimum. | Mean. | square drajnrlg;ge
mile. .
747 621 676 0.316 0.16 | B
1, 650 893 . 417 .48 | A
784 528 612 286 .32| B
1,810 621 1,230 575 .66 | B
955 621 730 .341 .30 1 A
1,240 621 956 447 .50 1 A

CROW WING RIVER AT PILLAGER, MINN.

Location.—In sec. 20, T. 133 N., R. 30 W., at highway bridge half a mile south of
Pillager, a short distance above mouth of Pillager Creek.

Records available.—May 25 to September 1, 1903; June 11, 1909, to June 30, 1913,
when station was discontinued.

Drainage area.—3,230 square miles.

Gage.—Vertical staff; read morning and evening to quarter-tenths. Limits of use:
Hundredths below 5.0, half-tenths from 5.0 to 6.5, and tenths above 6.5 feet.

Channel and control.—Probably permanent except during high water.

Discharge measurements.—Made from bridge.

Winter flow.—Determined by measurements made through the ice.

Regulation.—The influence of a logging dam at the outlet of Lower Crow Wing Lake
is observable at times at the gaging station.

Accuracy.—Conditions at this station were favorable for good results, but the con-
struction of a power dam 10 miles below caused backwater at the gage and the
station had to be abandoned.

Discharge measurements of Crow Wing River at Pillager, Minn., during the year ending
Sept. 30, 1913.

— Gage | Dis- — Gage | Dis-
Date. Made by height. | charge. Date. Made by height. | charge.
Feet. | Sec.ft. Feet, | Sec.-ft.
Dec. 18 | 8. B, Soulé ............. 6.14] @440 || Feb. 19| S. B, Soulé........... ..l 6.47 @ 344
Jan. 17 |..... AOmeeeniiiiian ] 622 @358 || Apr. 15 |..... L3 (4 6.12 970

a Complete ice cover.
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D

Daily gage keight, in feet, of Crow Wing River ai Pillager, Minn., for the yeor ending
Sept. 80, 1918.

g
&
g
z
il
g

Jan. { Feb. | Mar. | Apr.

£
[
;
£
"
g
&
{

aaaa il oogeeoe @@003 g@'—‘v—ﬂ-‘

6. 6.1 6.3
6. 6.25 | 6.25
6. 6.25 | 6.2
6. 6.35 [ 6.2 .
5. 6.3 6.0
5. 6.4 6.0
5. . 6.45 | 5.95
5. 3 6.4 5.85
5. X 6.4 5.75
5. A 6.3 5.65
5. |- (R PO PO PO SR 6.3 5.6 |.
5. 5.9 6.8 6.35 | 5.7
5. 5.7 1. 7.0 6.4 5.65
5. 5.65 |. 6.3 6.45 1 5.85
5. 5.6 6.25| 6.6 5.8
5. 5.75 6.25| 7.1 5.75
5. 5.7 6.45 | 7.5 5.8
5. 5.656 6.4 | 7.4 5.7
5. 5.6 6.45 | 7.4 5.85
5. 5.6 6.35| 7.4 5.8
5. 5.65 1. 6.357 7.4 5.85
5. 5.65 |. 6.3 7.5 5.85
5. 56 |. 6.25] 7.4 5.85
5. 5.5 6.35] 7.4 5.95
5.75 | 5.5 6.5 7.3 5.9
5.75| 6.25 6.6 7.2 6.0
5.7 6.6 7.2 6.2
5.75 6.5 7.0 | 6.2
5.75 |. 6.35| 6.8 6.25
5.75 |. 6.2 | 6.6 6.2
f 2% 30 PR PR, FORIRI, PRSI PR FPON 6.45 |.......

Note.—Discharge relation affected by ice abeut Nov. 26, 1912, to Apr. 14, 191].

Dazly discharge, in second-feet, of Crow Wing River at Pillager, Minn., for the year ending
. Sept. 30, 1913.

May. | June. | July. | Aug. | Sept.

2

150
) 150
040
,940
1940
1740
550
¢l

240

(S

o2
S
=]

ok b e ot e

NotE.—Daily discharge computed from two rating curves fairly well defined between 600 and 5,500
second-feet. Shift occurred during flood in April, 1913. Discharge estimated, because of ice, from gage
heights, observer’s notes, discharge measurements, and climatic records, as follows: Nov. 26-30, 465 second-
feet: Dec. 1-18, 470 second-fest; Dec. 19-31, 1912, 420 second-feet; Jan. 1-31, 1913, 375 second-fest: Feb. 1-28,
345 second-feet; Mar. 1-31, 410 second-feet; and Apr. 1-14, 600 second-fest.
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Monthly discharge of Crow Wing River at Pillager, Minn., for the year ending Sept. 30,
1913,

[Drainage area, 3,230 square miles.]

in -feet. F
Discharge in second-feet. '(d e ?n
K i " |Aceu-
Month. " - y Per ~inv 16800 | oo
mils. area).

694 0.315 0.25 | B.

557 172 9] C.

450 .139 8 C.

375 .116 13 C.

345 107 11§ C.

410 127 15| C.

915 .283 32icC.

1,570 .486 56 | B.

6 . 262 29 | B.

LONG PRAIRIE RIVER NEAR MOTLEY, MINN.

Location.—In sec. 19, T. 133 N., R. 31 W., 100 yards above highway brfdge, 1 mile
south of Motley, and 2 miles above mouth of river.

Reeords available.—Fure 10, 1909, to September 30, 1913.

Drainage area.—973 square miles.

Gage.—Vertical staff; read morning and evening, generally to nearest tenth; occa-
sional readings te half-temths. Limits of use: Hundredths below 5.5, half tenths
from 5.5 to 6.5, and tenths above 6.5 feet.

Channel and control.—kight gravel; praetically permanent.

Discharge measurements.—Made from bridge at all except low stages; low-water
measurements made by wading a shert distance upstream.

Winter flow.—River frozen over at gage; observations discontinued. There seems .
to- be & elose compsarison between the open-water discharge at this station and the
flow of the Crow Wing at Pillager, and therefore the wintez flow has been based
on the flow at Pillager, which is determined by current-meter measurements.

Accuracy.—Conditiens at this station are favorable and the records should be reliable.
Backwater caused by ice gorges in Crow Wing River may possibly affect the dis-
charge relation for a few days in the spring.

The following discharge measurement was made by S. B. Soulé:
April 14, 1913: Gage height, 5.56 feet; discharge, 271 second-feet.
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Daily gage height, in feet, of Long Prairie River near Motley, Minn., for the year ending
Sept. 30, 1913.

[Clem Thompson, observer.]

Oct. | Nov. | Dee. | Jan. | Feb. [ Mar. | Apr. | May. | June. | July. | Aug. | Sept.
5.32 5.3 5.5 051 5.3 5.2
5.32 5.5 5.4 5151 52 5.2
5,31 5.5 5.5 512 | 5.25 5.3
5.30 5.5 5.451 5. 5.156 5.6
5.26 545} 6.3 525| 525 5.2
5.29 5.5 535 5.35| 5.15 5.3
5.25 5.5 5.3 5.4 52 52
5.25 5.5 5.3 5.4 5.1 5.3
5.24 55 5.2 5.3 5.2 5.2
5.25 5.5 5.3 53 5.1 5.35
5.26 5.3 5.3 5.3 5.2 5.3
5.29 5.4 5.2 5.5 5.1 5.3
5.29 5.4 5.3 5.5 5.2 5.4
5.29 5.4 5.3 5.6 5.2 5.3
5.28 5.8 5.1 5.6 5.34 5.4
5. 25 5.8 5.2 562 5383 5.2
5.25 5.9 5.2 5.5 5.4 5.3
5.26 5.9 5.2 5.6 5.3 5.1
5.22 5.9 5.1 5.4 5.4 5.2
5.22 5.9 5.2 5.5 5.5 5.1
5.22 5.8 5.1 5.4 5.7 5.1
5.21 595 5.0 5.5 55 52
5.20 6.0 5.1 5.4 5.5 5.1
5,20 |. 6.0 5.1 5.4 5.4 5.3
5.20 |. 5.9 5.1 5.4 5.5 5.2
519 |. 59 5.3 5.5 5.38 5.2
5.19 {. 5.8 5.3 5.4 5.48 5.1
5.21 | 5.7 525 5.4 5.35 5.2
5.22 {. 5.7 5.1 5.3 5.38 5.1
5.20 |. 5.6 5.25| 5.35| 5.25 5.2
5.20 5.45 |....... 5.3.] 5.354.......

Notr.—Discharge relation affected by ice about Nov. 24, 1912, to Apr. 13, 1913.

Daily discharge, in second-feet, of Long Prairie River near Motley, Minn., for the year
ending Sept. 30, 1913.

Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. [ May. | June. | July. | Aug. | Sept.

250 | + 178 178 195
178 178 178 148 178
212 148 250 178

Daily discharge computed from a rating curve well defined between 430 and 1,650 second-feet
(gageheights 4.9 and 8. 0 feet).
estimated, because of ice, from climatic records, and open-water relation between fiow of Crow
Wing Rlver at Pil and Long Prairie River near Motley as follows: Nov. 24-30, 120 second-feet; Dec.
1-31, 1912, 100 second-feet; Jan. 1-31, 1913, 95 second-feet; ¥eb. 1-28, 90 second-| feet,Mar 1-31, 110 second-
feet, and Apr. 1-13, 160 second-feet.
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Monthly discharge of Long Prairie River near Motley, Minn., for the years ending
Sept. 30, 1912-13. .

[Drainage area, 973 square miles.]

Discharge in second-feet. Run-off
depth in

Month, Per gnc ies on Accu-
Maximum. | Minimum. | Mean. | square | drainage |™2€Y
mile. area).

1911-12,

o
8
&

Octol
November 1-11.. ..

.

B

...
ssdgasiicTil i AN ssddns

2.25

NoTE.—Estimates of ¢ Discharge in second-feet per square mile” and “Run-off (depth in inches)” for
1912, supersede those published in Water-Supply P%})er 325, which were computed from an erroneous
value of the drainage area. Estimates for October, November, and December, 1911, are republished to
complete the data for the climatic year. .

SAUK RIVER NEAR ST. CLOUD, MINN.

Location.—Insec. 9, T. 124 N., R. 28 W., at highway bridge 3 miles west of St. Cloud
10 miles below the nearest tributary, which enters at Rockville.

Records available.—July 8, 1909, to December 31, 1913.

Drainage area.—816 square miles.

Gage.—Chain gage attached to bridge; read twice daily to quarter-tenths. Limitg
of use: Hundredths below 6.5, half-tenths from 6.5 to 8.0, and tenths above 8.0 feet.

Channel and control.—No well-defined control; channel shifts somewhat during
high water. .

Discharge measurements.—Made from bridge; at low stages by wading just a few

* feet above the bridge section.

Winter flow.—Affected by ice; observations discontinued.

Regulation.—Farmers Milling Co. have an 8-foot masonry dam at Cold Spring, about
15 miles above gaging station. During the fall the plants operate continuously;
at other times about 10 hours a day. Fluctuations of stage is caused by opera-
tion of dam.

Accuracy.—On account of growth of vegetation and shifting channel, records only fair.

Discharge measurements of Sauk River near St. Cloud, Minn., from Oct. 1, 1912, to Dec.

31, 1913.

5 Gage | Dis-

Date. Date. Made by~ height. | charge.
1912. 1913. Feet. } Sec.ft.
Oct. 15 ﬁpr. 9 6.90| 058.4
15 ay 19 5.99 148
Nov. 20 Sept. 5 6.38 5194
Oct. 22 6.05 154

a Complete ice cover. b Weeds and grass in channel.
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Daily gage height, in feet, of Sauk River near St. Cloud, Minn., Oct. 1, 1912, to. Dec. 3¢,

1913.
Day. | Oct. | Nov.| Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July.| Aug. |Sept. | Oct. | Nov.| Dec.
56069 |67 |610616] 592
594168 [68 |6.11(591] 642
6.1216.7 |69 |6.14 (591 6.41
6.26 6.6 |6.75|6.21 16.36 | 6.38
6.01 6.7 |66 [615]16.35 610
RPN FRN PR (RN R P, 6.1916.24|6.11 6.6 {6.6 |58 |63 605
6.08 |. . 562 (6.55]6.39)6.1276.36 [ 6.28
6.056 44 6.14 | 6.65 | 6.38 [ 6.12} 6.35] 6.55
5.95 6.34 6.6 |6.42]|6.16 | 6.32 | 6.45
5.85 6.40 1 6.6 16.48)6.248.10] 6.7
5,40 6.9 16.2816.7 |16.28) 655 6.6
8.10 7.05 | 6.48 | 6,55 | 6.29’| 6.35 | 6.65
5.85 7.05 1 6.38 | 6.41 | 5.99 | 6.26 | 6.7
. . 6.7 .35 16.36 [ 6.28 | 6.24 | 6.32
7.2 [6.28|5.986.30(6.25} 5.95
6. 05 8.3 [6.2416.30|6.326.10| 6.5
6.06 7.7 16.35(6.32)|6.32 6,061 6.65
6.08 7.6 |6.126.25]6.30( 6.00 } 6.65
6,05 7.5 16.4516.2116.1916.18} 6.7
5.99 7.45 1 6.55 | 6.20 | 6.02 | 6.21 | 6,58
5.88 7.4 16.5516.05]6.00[6.21| 665
6.08 7.45 16,8 |5.90]|6.18 16,29 ] 6.31
6.19 7.5 169 |...... 6.21 (5.8 6.5
.} 6.30 7.4 | 7.3 l...... 6.21 (5.7 6.9
6.35 7.2 [7.3 |6.056(6.20(581! 65
8. 715171 16.20]6.14 | 5.8 | 6.28
7.15(7.0516.20| 592|604 6.19
6.9 (70 {619 6.1815.90¢ 6.16
7.0 16.9516.00|6.19|6.40| 5,95
7.0 [6.9 |610|6.08)|6.28| 6.06
6.8 |69 [..... 8,18 |...... 6.08

Note.—Discharge relation affected by ice about Nov. 21, 1912, to Apr. 13, 1913, but probably not mate-
rially affected during November and December, 1913.

Daily discharge, in second-feet, of Sauk River near St. Cloud, Minn., for the year ending

Sept. 30, 1913.

Day. Oct. | Nov. | Dee. | Jan.. | Feb. | Mar. | Apr. | May. | June. | July. } Aug. | Sept.
: 238 34| 404 316

206 9 [ 358 358

253 120 316 404

253 | 166} 277 337

23| 104 316 27

2031 126 27 217

40| 3rf 250| 205
99| 14} 206 202
68| 18| 2| 215
2 2| 234
62| 4041 1| 36
8| 483| 284| 260
120 | 4s2[ 202 211
120 36| 192| 1%
138 565 171 98
381,30 160 177
9¢| 's8| 192 183
W7 | 85| 128
uz{ wmo| 204 152
282’1 122] 78| 250 149
s36| 1001 ess| 29| 113
3| 76| 78| 358
00| 48| 70| 40a| a9
40| 56] 68| 625| o103
50| 48] 565] 625| 113
50| 7| 58| 510 149
356 | 101 538 482| 140
336 | ‘92] 404| 455] 146
282 | % 455 430 102
30| 67| 455| 404 124
263 |...on.. 358 | do4 ...

e Discharge interpolated.
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Daaly discharge, in second-feet, of Sauk River near St Cloud, Minn., for the period Oct. 1

to Dec, $%, 1913.
Pay. Oct. |[Nov.| Dec. Day. Oct. |Now. | Deec.. Day Oct. | Nov.| Dec.
3 3

200 | 300 317 142 195 336

208 - 285 336. 187 1 217 223

1290 200 356 5 | 118 282

: 200 | 203 226 195 88 450

L 206 |' 206 131 1921 10| 282

226 | 166 282 176 | 11% 214

226 | 156 336 I o124 152 189

220 | 142 336 - 187 | 120 182

1891 187 356 189 131

250
161 | 214 156
87 f...... 161

147 | 195 300

NoTE.~—~Daily discharge compuved from two.fairly well defined vating curves. Backwater from growth .
of in channel has been assumed to have occurred durmg last part of Ju.n
or days en which gage was not read di was esti a6 follows: Oct. 15-31 1912, 150.second-

feet, and Nov. 1-6, 125 second-feet, from the discharge measuremen ts. made Oct. 15 and Nov. 2 20, 1912, and
astudy of therecords of flow at, Rockford and Watson, Minn.; May 10-19, 1913, 300'second-feet, froma study
of the reeords. of Long Prair: laRiv:ermrMntleyandElkRiverneanBing Discharge estlmated on
account of ice, as follows: Nov. 21-30, 1912 75 second-feet; Dec. 1-31, 1912, 80 second-feet (by eomparlson
with the flow of EX River near Big

Monthly discharge of Sauk River near St. Cloud, Minn., Oct. ¥, 1912, to Dec. 31, 1913.
[Drainage area, 816 squane miles.]

3 Discharge in second-feet. R o T
e e th in
Month. gn os on |Accu-
E“ tmum., | Mini » sql:ﬁ:m drainage racy.
: ) : mile, | 378
3
191213, ) [
248 M 162 0.199. | 0.2 C.
........................ . 89.4 110 12 ) C.
........................ 80 . 098 A1 | D,
300 116 105 239 15 | B,
P 304 373 .43 | B.
253 | 38 117 JH43 .18 1 C.
320 | 34 558 .64 | C.
625 129 321 .393 45 | C.
404 2 . 243 271 C.
228 89 171 10 24| B
300 89 185 .27 25| B
450 1241 256 .314 .36 1 B

ELK RIVER NEAR BIG LAKE, MINN.

Location.—In sec. 23, T. 3% N., R. 27 W., at the highway bridge 4 miles east of Big
Lake and half a mile north of Bailey station on the Northern Pacific Railway,
half a mile above Tibbetts Brook, and 4 miles below mouth of St. Francis River.

Records available.—April 15, 1911, to September 30, 1913.

Drainage area.—615 square miles.

Gage.—Vertical staff; read morning and evening to quarter-tenths. Limits of use:
Hundredths below 1.0, hali-tenths from 1.0 to 2.0, and tenths above 2.0 feet.
Channel and control.—Channel apt to shift during extremely high water; during
low water practically permanent except at extremely low stages when possible

backwater may result from growth of vegetation.

Discharge measurements.—Made from highway bridge; at low stages by wadmg

Winter flow.—Determined by measurements made through the ice.

Regulation.—Flow above station not regulated; only dam on river is 8 miles below,
near mouth.
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Discharge measurements of Elk River near Big Lake, Minn., during the year ending Sept.

30, 1913.

Date. Made by— hﬁ,-g%ft. chl;irsé-e_ Date. Made by— hgi?ixet. ch];;']ze.
Sec.-ft.

Feb. 25 a 69

Mar. 18 5198

Apr. 19 182

& Complete ice cover.
b About 40 per cent ice cover at control. Measurement made about 1,000 feet above gage.

Daily gage height, in feet, of Elk River near Big Lake, Minn., for the year ending Sept. 30,
T 1918. :

[Michael Tracy, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
0.9 L1 0.45| 1.4 1.0
951 1.0 421 1.4 1.05
1.05 .95 .80} 135 1.05
.99 .89 881 1.3 1.2
.94 .82 .98 1.25 1.1
.89 .76 .96 1.2 L1
.94 .1 .91] 12 1.05
.99 .68 .89 1.15 1.05
.92 .66 .81 115 1.0
.86 .64 .85 1.15 1.0
.81 .61 Lo5] 1.1 1.2
.76 59 L15) 1.1 1.2
.74 56| 1.1 1.1 1.2
.75 54| 1.0 1.1 1.15
.89 .52) 1.05] 105 1.1
.04 501 1.3 1.05 L1
.96 501 1.4 1.0 1.1
1.0 500 1.4 1.05 1.05
1.05 511 1351 1.15 115
1.3 51 1.4 1.2 1.15
155 .50 1.5 1.3 1.1
1.6 48 1.5 1.35 1.05
1.6 451 145 1.35 1.05
1.65 .48 1 1.4 1.35 1.1
1.7 54| 1.4 1.3 1.05
1.65 59| 1.35] 1.3 1.0
1.8 .56 | 1.3 1.25 1.0
1.5 521 1.25| 1.2 .96
1.4 50| 12 1.15 .95
1.25 481 1.2 11 .94
115 |....... 1.3 1.05 |.......

@ Gage height probably 1.0 foot too low.

. Nore,—Discharge relation affected by ice about Nov. 27, 1912 to Mar. 31,1913. On Nov. 27, the observer
reported river partly frozen over; backwater at gage. *
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Daily discharge, in second-feet, of Eik River near Big Lake, Minn., for the year ending
Sept. 80, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

336 211 250 62 310 190

189 100 278 204 218
189 211 100 310 190 218
1 222 100 310 204 204

d

Juliloﬁ —-sDag 3gischarge computed from two fairly well defined rating curves. New rating curve used
y 1 to Sep

Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measurements, and
climatic records, as follows: Dec. 1-20, 97 second-feet; Dec.21-31, 90 second-feet; Jan. 1-31, 70 second-feet;
Feb. 1-28, 65 second-feet; and Mar. 1-31, 160 second-feet.

Monthly discharge of Elk River near Big Lake, Minn., for the year ending Sept. 30, 1913.

[Drainage area, 615 square miles.]

Discharge in second-feet. Run-o ﬁ
Accu-
Month, Per dmﬁ;gs o;x racy.
Maximum, | Minimum, | Mean. square areagg
mile, -
146 0.237 0.27 | A.
118 192 21! B.
95 154 .18 | C.
.114 A3 1 C.
65 .106 11
160 . 260 .30 C
236 .384 .43 | B.
263 .428 .49 | C
128 .208 231 C.
233 .379 M4 B
.403 46| B
211 L343 .38 | B.
165 . 268 3.63

NorE.—8ee footnotes to tables of daily gage height and daily discharge.

’
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CROW RIVER AT ROCKFORD, MINN.

Location.—At highway bridge at Rockford, a little more than a mile below the junc-
tion of the North and South branches. Between the junction ard the station
are the outlets of Rebecca Lake and Lake Sarah, both very small streams.

Records available.—June 4, 1909, to September 30, £913.

Drainage area.—2,520 square miles.

Gage.—Vertieal staff; read merning and evening to hundredths. Limits of use:
Hundredths below 5.5, half-tenths from 5.5 to 6.5, and tenths above 6.5 feet.

Channel and control.—Practieally permanent.

Discharge measurements.—During high and medium stages made from the bridge;
during low stages by wading at various sections.

Winter flow.—Prior to winter of 191112 very little ice formed and open-water rating
curve applied throughout the year. During winters of 1911-12 and 1912-13 ice
destroyed discharge relation making it necessary to base estimates on discharge
measurements. Before the dam was destroyed the temperature of the larger
body of water back of the dam was considerably above freezing and the water
did not freeze quickly when releaged, but since the destruction of the dam natural
conditions exist and ice forms.

Regulation.—On the north, middle, and south forks of Crow River are seven power
plants with small storage ard the flow at the various points is so slight that ne
appreciable effect of their operation isobservable at the gage. A dam immediately
above the gage was partly destroyed May 31, 1911, and has not yet been repaired.

Accuracy.—Records should be reliable except for periods when discharge relation
may be affected by growth of grass in channel below gage.

Discharge meassrements of Crow River at Rockford, Minn., during the year ending Sept.

380, 1913.
Date. Made by— noght. | charge.
Feet. Sec.-ft.
Feb., 4 8. B.S0ul. . oot iiiaaiircnaiicanaanaariccararecsencamnsenecarnn 4.96 a 34
PN o) S R = 114 I, 5.84 b 546

a Complete ice cover at measuring section about 400 feet below gage. Nearly complete ice cover at control.
b Control clear.
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Daily gage keight, in feet, of Crow River at Rockford, Mins., for the year ending Sept. 80,
’ 1918.

[G. W. Florida, observer.]

Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
5.6 518 | 5254 4.97| 4.8071..... ..] 5.651 5.8 5.6 528 | 6.8 6.7
5566 5.16 | 5.20 5.9 5481 526 6.7 6.8
5.5 5141 512 5.8 5.40 | 5.32| 6.7 7.1
5491 5,111 504 565 5.39| 539| 6.7 7.2
5451 510] 500 5.6 536! 565! 6.6 7.2
5417 508 ] 5.00 ] 5551 531 595| 6.6 7.4
5,361 5,084 5.08 5.5 5,261 6.15| 6.45 7.2
532 5.08{ 515 5.5 520] 6.1 6.4 7.1
532 5084 5.30 5.5 516 6.1 6.35 7.1
530 | 508{ 504, 5.5 510{ 6.05] 6.3 7.0
5.45| 512 5.04 548 5.08]| 6.3 6.3 7.1
5.5 51271 5.04 1 546 | 507 6.45| 6.25 7.1
549 | 512} 504 543 | 504 6.6 6.2 7.1
545 508 | 4.99 5.401 504 [ 6.7 6.2 7.1
5411 504} 4.98 5.55| 504 | 6.8 6.15 7.2
540 5024 500 5651 502/ 7.1 8.15 7.1
586! 5021 5.01 565 5.02| 7.5 6.157 7.0
5341 502 4.9 565} 500 7.7 6.1 6.9
632 5041 4.98 5.65| 4.98| 7.8 6.1 6.8
530} 5.06 4.97 5.8 511 7.7 6.2 6.6
5301 508 4.98 6.0 5121 7.6 6.6 6.5
528 5,08 4.98 6.1 50| 7.5 7.0 6.5
5261 500] 4.98 6.8 500 7.4 7.2 8.4
5241 506 4.9 6.3 4.99| 7.2 7.4 6.35
523 504 4.95 6.25) 5.42| 7.1 7.4 6.35
5221 5021 4.94 6.2 5.16 [ 7.1 7.3 6.3
522 502} 4.95 6.05| 527 7.0 7.2 6. 25
5.22| 5,00 4.98 5.9 538 6.9 7.0 6.2
523 | 4081 4.97 5751 5.37| 6.8 6.9 6.2
5.22| 4.99| 4.98 84 ; 5.7 532 6.8 6.8 6,15
520 )....... 4.98 | 4.82|....... 5.55 |.......] 5.6 |..... ..| 6.8 8.7 J.......

Nore.—Discharge relation probably affected by ice abeut Dec. 7-13 and Dec. 29, 1912, to Mar. 14, 1913,
and by backwater from grass about Aug. 1 to Sept. 30, 1913.

Daily discharge, in second-feet, of Crow River al Rockford, Minn., for the year ending
Sept. 30, 1918.

Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

209 560 395 253 998 935

202 445 565 336 241 935 998

194 500 500 300 266 935 | 1,190

183 500 420 296 206 935 | 1,260

179 472 395 283 420 875 | 1,260

172 500 370 261 582 8751 1,400

172 500 345 241 695 7851 1,260

172 500 345 217 665 7551 1,190

172 446 U5 202 865 v25 1 1,190

172 445 | 345 179 638 695 | 1,130

187 445 336 172 785 695 ) 1,190

187 472 327 168 875 6661 1,190

187 500 314 158 965 638 { 1,190

172 o528 300] 158(1,030| 638 1,190

158 528 370 158 { 1,100 $10 | 1,260

151 500 420 151 | 1,290 610 | 1,190

151 a5] 420 | 151 [ 1570] 610 1,130

151 420 144 | 1,710 5821 1,060

158 395 420 138 | 1,790 582 998
165 395 500 183 | 1,710 638 875 -

172 370 610 187 | 1,640 875 815

172 665 158 | 1,570 | 1,130 815

176 430 785 | 144 | 1,500 | 1,260 755
A..... ceesevens) 233 165 445 785 141 | 1,360 | 1,400 725
25..... cevsnaes.| 220 158 528 755 309 | 1,290 | 1,400 725
225 151 610 725 202 4 1,290 | 1,320 6595
225 151 638 2451 1,220 | 1,260 065
225 144 610 555 201 11,160 | 1,130 638
20| 138 556 | 472 | 28711100 |1,080] 638
225 141 500 445 266 | 1,100 998 610
A7 ool 180 [eeeiiifeaaol| 870 |....... 395 |....... 1,100 935 |.......

Nore.~Daily discharge determined as follows: Oet. 1, 1912, te July 31, 1913, from a well-defined rating
curve; Aug. 1 to Sept. 30,1913, estimated on account of backwater due to grass, on basis of discharge meas-
urement made Oct. 21, 1913,

Discharge estimated, because of ice, from g heights, observer’s notes, one discharge measurement,
and climatic reeords, as follows: Dec. 7-13, and 29-31, 1912; Jan. 1-31, 1913’, 72 second-feet; Feb. 1-28, 45
second-feet; and Mar. 1-14, 150 second-feet.
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Monthly discharge of Crow River at Rockford, Minn., for the year ending Sept. 30, 1913.
[Drainage area 2,520 square miles.}

Discharge in second-feet. ®
depth in
Month, . Por gnc es on e:cm'
: drainage .
Maximum. | Minimum. | Mean. | square area)
mile. .
281 0.112 0.13 [ A,
169 . 067 07 | A.
146 . 058 .07 | B.
2 .029 .03 | D.
45 .018 02| C.
218 .087 A0 C.
481 .191 .21 B.
477 .189 .22 | B.
217 . 088 .10 C.
1,030 .409 471 C.
889 .353 .41 | B.
1,010 . 401 .45 | B.
The year........oooveiiiuaaaaan.. 1,790 |- o cieaann . 422 . 167 2.28

RUM RIVER AT CAMBRIDGE, MINN.

Location.—At highway bridge half a mile west of Cambridge. No tributary within
geveral miles.

Records available.—June 12, 1909, to September 30, 1913.

Drainage area.—1,160 square miles.

Gage.—Vertical staff; read twice daily to quarter-tenths. Limits of use: Hun-
dredths below 4.0 half-tenths from 4.0 to 5.0, and tenths above 5.0 feet.

Channel and control.—No well-defined control; channel shifting.

Discharge measurements.—Made from the bridge.

Winter flow.—Determined by measurements made through the ice.

Regulation.—Flow except during low water controlled by storage in and evaporation
from the lakes in the drainage area above Onamia. There is a 10-foot dam and
power plant at St. Francis, 20 miles below Cambridge by river; difference in
elevation between crest of dam and water surface at gaging station about 6 feet.
The fact that morning and evening gage heights during low-water are for the
most part identical indicates that the St. Francis dam affects this station very
little though the flow may fall below the crest at times during the day. The
only dam at Cambridge is at Milaca and is used to form a pool from which water
is pumped.

Accuracy.—Records poor. During the summer months grass grows in channel
causing backwater in varying amount at gage.

Discharge measurements of Rum River at Cambridge, Minn., during the year ending Sept.

30, 1913.
Gage Dis- Gage | Dis-
Date. Made by— height. | charge. Date. Made by— height. | charge.
Feet. Séc.-/t. Feet. | Sec.ft.
3.12| 121 | Apr. 9| W.G. Hoyt.euneunn.n.. 4.18 379
2.99 116 May 23 |....cd0cceeeecccaninanan 7.02 1,220
3.34| a4 July 8 | Hoyt and Peterson.....| 5.23 406
3.50 a55.1 || Sept. 4 | 8. B. Soulé............. 4.48 264
3.60 | a61.9

« Complete ice cover at control; about 90 per cent ice cover at measuring section,
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Daily gage height, in feet, of Rum River at Cambridge, Minn., for the year ending Sept.

30, 1913.
[Joseph Lofstrom, observer.}

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
3.40 | 3.00 4.85| 5.1 3.7 | 6.1 4.8
3.40 | 3.00 4.6 4.8 | 3.66| 6.0 4.65
3.35| 3.00 4.5 4.6 3.741 5.8 4.5
3.30 | 3.00 4.4 4.4 3.88| 5.6 4.45
3.26 | 3.00 43 4.3 4.3 5.4 4.4
3.20| 3.00 .8 4.2 4.2 4.5 5.1 4.4
3.15| 2.99 35| 4.1 4.1 4.7 5.1 4.3
3.15| 3.00 3 4.0 4.0 5.2 5.0 4,2
3.15 | 3.00 .2 3.96| 3.89 | 5.6 4.95 4.1
3.10| 3.00 05| 3.96| 3.80| 5.7 4.95 4,05
3.156| 2.99 95| 3.99| 3.74| 5.7 5.1 4.05
3.20| 2.96 .99 [ 3.95| 3.65| 5.7 5.2 4.05
3.301 2.98 .0 3.841 3.58| 5.5 5.2 4.05
3.25| 2.98 .1 3.71] 8.52| 5.3 |” 5.1 4,35
3.25 | 2.96 2 3.8 | 3.49| 5.5 5.0 4.5
3.25| 2.98 4.2 4.1 3.44 | 6.1 4.9 4.4
3.20 | 2.95 4.1 4.55 | 3.42| 6.4 4.85 4.25
3.20 1 2.95 3.98] 5.7 3.4 | 6.5 4.8 4.1
3.15| 2.96 3.86 | 6.4 3.46 | 6.4 4.95 3.98
3.15| 2.98 3.791 6.9 3.48| 6.3 5.2 3.90
3.10] 2.98 1. 3.7 7.1 3.45] 6.1 5.7 3.79
3.10| 2.98 3.821 7.0 3.41 | 5.9 5.5 3.78
3.10] 2.98|. 3.801 7.0 3.38| 5.6 7.2 3.76
3.10| 2.68 |. 4.0 7.3 3.34| 5.4 7.6 3.85
3.05| 2.92 4,451 7.5 3.32] 5.2 7.8 3.96
3.05| 3.05 4.6 7.6 3.26| 5.2 7.6 3.94
3.05| 3.10 . 5.0 7.3 3.40] 5.1 7.1 3.88
3.00| 3.10 . 5.3 6.8 3.46| 5.0 6.5 3.92
3.05| 3.00 5.3 6.2 3.60 5.2 5.9 3.98
3.05| 3.00 5.1 5.8 3.8 5.6 5.4 3.9
3.00 |....... FUUDITTN I " S 5.8 5.0 foeeenns

Nore.—Discharge relation affected by ice about Nov. 24, 1912, to Mar. 31, 1913,

Daily discharge, in second-feet, of Rum River at Cambridge, Minn., for the year

Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
) T 575 590 108 680 332
R 5001 515 88| 650 296
R, 470 442 92 590 274
ool 442 | 386] 108] 545 262
[ S, 414 345 195 485 250
[, 386 | 320 29 400 250
[ PP, 358 | 285 274 1 400 228
S, 332 262 400 | 372 217
| I, 322 27 515 308 195
0. ... 322 206 545 358 184
Mo 330 193 545 400 184
) b 320 162 | 545 428 195
1B 204 147 485 428 195
Mo 264 124 428 400 262
5. i, 299 119 485 372 308
6.l 358 101 665 345 285
17 e 485 97 755 332 250
18 830 101 7856 320 228
19. ... 1,040 94 770 [ 372 202
20, 1,190 [ 91| 740 | 442 184
| D 1,250 8| 680 5% 171
22 L. 1,230 80 620 530 169
B 1,220 67| 530 | 1,040 164
P 1,320 61 470 | 1,160 184
b 1,380 51 414 | 1,220 219
26, ... 1,420 43 414 | 1,160 215
b1 1,320 62| 38 |1,010 202
. 1,160 64| 358| 830 221
29 i 9501 101 | 414| 650 235
30 .o 830 113 530 500 217
;3 D 70 |.......] 590 38 ).......

Nore.—Daily discharge determined as follows; Oct. 1 to Nov, 23, 1912, by indirect methods for shifting
channel; Nov. 24, 1912, to May 28, 1913, from a fairly well-defined rating curve; May 29 to Sept. 30, 1913, by~

shifting channel methods.
charge measurements, and climatic recor
second-feet; Jan. 1-31, 1913, 69 second-feet;

ds,

ischarge estimated, because of ice, from gage heighfs, observer’s notes, dis-
as follows: Nov. 24-30, daily discharge; Dec. 1-31, 191%, 100
Feb. 1-28, 58 second-feet; and Mar. 1-3

, 150 second-feet.
-
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Monthly discharge bf Rum River at Combridge, Mimm., for the yeor ending Sept. 59, ¥948.

[Drainage area, 1,160 square miles.]

Disdharge in sécond-feet.
Month. i ‘::ecyn
| Maximum. | Minimum. | Mean.
L8707 o PP 1 160 100 | 129 | B.
Nevember . 115 110 }(1)(1) 8
= 6| C.
58 | C.
150 | D.
454 | B.
7201 B.
182 | C.
457 | C.
573 1 C.
‘C.

MINNESOTA RIVER NEAR MONTEVIDEQ, MINN.

Location.—In sec. 19, T. 117 N, R. 40 W, at highway bridge, 1 mile south of Monte-
video, a short distance below mouth of Chippewa River.

Records available.—July 23, 1909, to September 30, 1913.

Drainage area.—8,300 square miles.

Gage.—Chain gage attached to bridge; read morning snd evening to quarter-tenths,
Limits of use: Hundredths below 2.0, half-tenths from 2.0 to 3.0, and tenths
3.0 feet above. Datum of gage lowered 2 feet September 16, 1909, and 1 foot
additional July 29, 1910, to avoid negative readings.

Channel and control.—Practically permanent.

Discharge measurements.—Made from bridge.

Winter flow.—Determined by measurements made through the ice.

Regulation.—Nearest dam at Granite Falls, but it does not influence this gaging
station. No damn above station. The discharge of Chippewa River is so much
less than that of the Minnesota that the control of the former by a dam at Monte-
video has little effect on the Minnesota gage heights.

Discharge measurements of Minnesota River mear Mowntevideo, Minn., during the year
ending Sept. 30, 1913.

G Dis- Gage | Dis-
Date. Made by— height. | charge. || D8te- Mads by— height. | charge.
Feet. | Sec. L. -
3.16 128 |t Feb., 21
348 estfl Apr. 23
3.56 w74 1 Sépt. 16

« Complete ice cover.

.
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Daily gage height, in feet, of Minnesota River near Montevidco, Minn. for the year ending
Sept. 30, 1913.

- [Mrs. Mary Hendricks, observer.]

Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. ’ Aug. | Sept.
2.3 5.6 52| 2.9 2.85 2.9
2.2 5.6 52| 2.9 3.1 3.0
2.2 5.6 50! 2.9 3.0 2.85
2.4 5.3 50| 2.9 3.2 2.95
2.7 5.5 49| 3.0 2.8 3.1
2.7 5.5 48| 2.8 2.8 2,9
2.7 5.4 4.7 2.8 2.8 2.75
2.35 5.2 44| 2.8 2.5 3.2
2.45 5.2 4.3 2.7 2.7 3.2
2.4 5.0 44| 2.7 2. 2.95
2.4 4.8 431 2.75( 2.5 2.7
2.7 4.8 41 2.65| 2.6 2.95
2.7 4.9 40( 2.5 2.65 2.95
2.5 4.9 391 2.6 2.75 2.6
2.5 4.8 3.7 2.65| 2.55 2.85
2.6 47| 38| 27 | 2.65| 265
2.3 4.6 3.7| 2.55| 2.45 2.7
2.4 4.6 3.4 2.55| 2.9 2.7
2.6 4.8 3.4| 2.65( 3.1 2.6
2,6 4.9 3.3| 2.55] 3.0 2.7
2,7 5.2 3.4 2.9 3.0 2.65
2.6 5.3 3.2 3.2 3.1 2.7
2.3 5.4 3.2 33 2.9 2,5
2.4 5.6 3.3] 3.2 2.95 2.4
. 2.8 5.6 3.2] 295} 3.2 2.5
2.6 5.6 3.2 2.8 | 3.2 2.5
2.8 5.5 3.21 2.8 3.2 2.45
2.8 5.5 3.2} 3.2 3.4 2.4
2.65 5.4 2.81 3.1 3.4 2,55
2.7 5.5 3.1} 2.9 3.3 2.6
....... 5.5 |eavees] 2.8 2.55 |euanann

Note.—Discharge relation affected by ice about Nov. 26, 1912, to Mar. 31, 1913.

Daily discharge, in second-feet, of Minnesota River near Montevideo, Minn., for the year
ending Sept. 30, 1913.

Feb. Apr. June. | July. | Aug. | Sept.

ceaees 745 210 202 210
745 210 242 226
685 210 226 202
685 210 260 218
656 226 194 242

627 194 194 210

509 202 194 186
516 194 148 260
490 260

NOTE.—Dail{’ discharge com%lted from two rating curves well defined above 400 second-feet and fairly
well defined below this point. "Revised rating curve used May 23 to Sept. 30 based on discharge measure-
ment made Sept. 16. Discharge estimated, because of ice, from gage hel%hw observer’s notes, 4 discharge
measurements, and climatic records as follows: Nov. 26-30, 125 -feef; Dec. 1-31, 125 second-feet;
Jan. 1-23, 102 second-feet; Jan. 24-31, 82 second-feet; Feb. 1-21, 77 second-feet; Feb. 22-28, 73 second-feet;
and Mar, 1-31, 150 second-feet.

_ 91388° —wsp 355—15——7
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Monthly discharge of Minnesota River near Montevideo, Minn., for the year ending Sept.
30, 19183.

[Drainage area, 6,300 square miles.]

Discharge in second-feet, glmtﬁ t
epth in
Month. Per gnc es on ﬁ;’g}'
Maximum. | Minimum. | Mesn. | square | 9rainage )
Thile, area).
0.025 0.03 | B,
022 02| C.
.020 02| C.
015 02| C.
.012 01| C.
.024 03¢ C.
.136 15| B.
.120 14 | A,
. 066 07| A,
.032 04} B.
.033 04| B.
.030 03 | B.
.045 60

a Differs from value published in “Report of the water-resources investigation of Minnesota, 1911-1912,”
becz;ltse of estimate of flow Nov. 26 to 30 made from information obtained after publication of Minnesota
report. K

NotE.—See footnotes to tables of daily gage height and daily discharge.
MINNESOTA RIVER NEAR MANKATO, MINN.

Location.—At Sibley Park, 2 miles above the center of Mankato, a few hundred
yards below the mouth of Blue Earth River, the nearest tributary.

Records available.—May 20, 1903, to September 30, 1913.

Drainage area.—14,600 square miles.

Gage.—Chain gage; read once daily to tenths. Gage checked with wye level April
24, 1914, and found to read 0.09 foot too high; cause, settlement of gage. Settle-
ment is assumed to have occurred gradually since the previous checking of the
gage with level April 3, 1913. .

Channel and control.—No definite control; channel fairly permanent except during
high wtaer.

Discharge measurements.—Made from highway bridge in center of Mankato;
at low stage by wading a short distance below gage.

Winter low.—Determined by measurements made through the ice.

Regulation.—Nearest dam on the river is at Minnesota Falls, 140 miles upstream;
no dam below station. A dam on Blue Earth River at Rapidan, a few miles
above the mouth, controls the flow, but it is such a small part of the entire
discharge at the Mankato station that the effect of such regulation is slight.

Maximum and minimum flow.—The highest known stage of the river occurred in
1881 and is shown by a well-marked line in Mankato. The stage was approxi-
mately 27 feet above the zero of the present gage. This estimate was corroborated
by M. B. Haynes, city engineer, of Mankato, who stated that the high water
occurred after the ice went out and was not caused by backwater. The corre-
sponding discharge was approximately 65,000 second-feet. Since the establish-
ment of the gage the highest stage recorded was 21.2 feet on June 26, 1908. The
lowest stage recorded was 0.5 in 1911 when the flow was about 89 second-feet for a
considerable time.

Accuracy.—Measurements made during earlier years indicated changing conditions
of flow, and accordingly the discharge for years previous to 1907 was obtained
largely by the indirect method. These results can not be considered as accurate
ag the later ones, which were based on well-defined rating curves.

Cooperation.—Since 1906 gage heights have been furnished by the United States
Weather Bureau.
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Discharge measurements of Minnesota River near Mankato, Minn., during the year ending
Sept. 80, 1913.

K3 =
28 | %88
Ag | g7

(3] «

3 SO
58 | 353
oF ke

* L
B o
-3 .
3 ER
= P

s
@ |

) 3

g a2
<

45 | 5388
8

3| &

s | gFhY

g3 | &A-

=

i P
SRS
] « e
3 ERE
= Rgd

5%
@ |
P SRB
-3
a

Dec.
Jan.
Mar.

1913, entered also into gage height of discharge

£

8

H

L

g ddg
g whwt.
S 328
3 288
g &2
3 mMm
5 o2
] mmw
§ 25fs
B emea
8 HIed
& £3s%
2 paps
.m.r.Wth
mWWme
LR
P =g
S
Be85n88E
HSaBEE
cFEEl
Mwmmnm
adecm

Daily gage height, in feet, of Minnesota River near Mankato, Minn., for the year ending
Sept. 30, 1913. :
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Gage heights not corrected

Nore.—Discharge relation affected by ice about Dec. 1, 1912, to Mar. 17, 1913.

for errors due to settlement of gage. See station descriptio
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Daily discharge, in second-feet, of Minnesota River near Mankato, Minn., for the year
ending Sept. 80, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2,750 | 2,950 | 3,170 { 2,350 | 775 360
1,960 | 2,950 | 3,060 | 3,280 775 360
1,520 | 2,750 | 2,550 | 1,780 775 360
1,360 | 2,550 | 2,750 | 1,960 | 710 415
1,120 | 3,060 | 2,650 | 1,860 | 650 415

.1 1,280 {3,170 | 2,350 | 1,690 | 650 415
1,520 | 3,060 | 2,250 | 1,520 | 650 415
1,690 | 3,280 | 2,150 | 1,440 775 415
1,600 | 2,550 | 1,860 | 1,360 840 360
1,440 | 2,450 | 1,600 | 1,120 | 840 360
2,250 | 2,450 | 1,600 | 1,050 75| 470
2,550 | 2,350 | 1,520 | 1,120 590 470
3,900 | 2,150 | 1,520 | 1,120 | 530 415
4,310 [ 2,350 | 1,440 | 1,050 530 415
5,460 | 2,550 | 1,440 | 1,050 | 470 415
5,310 | 2,350 | 1,360 980 470 360
5,460 | 2,850 | 1,200 980 470 360
5,160 | 2,750 | 1,120 910 360 360
5,010 | 3,280 | 1,050 | 910 | 360 360
8,770 | 3,770 } 1,050 840 590 360
3,000 | 4,170 | 1,200 1 775 | 650 360
3,280 | 3,900 980 710 650 360
2,450 |4,170 | o910 710| 590 310
3,060 | 4,030 910 710 590 310
3,400 ( 5,010 | 1,120 710 530 360
3,170 | 4,450 1 1,280 710 530 360
4,450 | 3,520 | 1,690 710 470 360
3,280 | 3,770 | 2,150 710 530 360
3,520 | 4,170 | 3,280 910 530 310
3,170 | 4,030 | 3,060 840 470 310
....... 3,900 |.......| 840 360 [.......

NotTE.—Daily discharge computed from two fairly well-defined rating curves. Discharge estimated,

because of ice, from gage heights, observer’s notes, 3 di

measurements, and climatic records,

g6

as follows: Dec. 1-25, 250 second-feet; Dec. 26-31, 220 second-feet; Jan. 1-20, 161 second-feet; Jan. 21-31,
124 second-feet; Feb. 1-28, 131 second-feet; and Mar. 1-17, 350 second-feet. Lo

curve for last part of year ending Sept. 30, 1913, based on discharge measurement made on Sept. 19,
1913, and is therefore applicable to the gage heights as read by the observer.

w-water section of rating

Monthly discharge of Minnesota River near Mankaio, Minn., for the year ending Sept. 30,

1913.
[Drainage area, 14,600 square miles.]
i d-feet.
Discharge in second-feet. dR“nt'ﬁ’ it
epth in
Month. Per fne 165 on ‘};’g;}'
Maximuim. | Minimum, | Mean. uare aren) ©
wile. -
310 0.021 0.02 | B.
270 018 .02 | B.
244 017 02| C.
148 .010 .01} C.
131 .009 .01 | D.
785 . 054 .06 | C.
3,100 212 .24 | B.
1250 .223 .26 | B.
1,810 124 40 A,
,180 .081 .09 | A.
§96 .041 .05 B.
375 . .03 | A,
1,020 .070 .95
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LAC QUI PARLE RIVER AT LAC QUI PARLE, MINN.

Location.—In sec. 26, T. 118 N., R. 42 W, at highway bridge at Lac Qui Parle, in
Lac Qui Parle County, a short distance above mouth of Threemile Creek.

Records available.—April 27, 1910, to September 30, 1913.

Drainage area.—838 square miles.

Gage.—Vertical staff; read once daily to quarter-tenths. Limits of use: Hundredths
below 1.5, half-tenths from 1.5 to 3.0, and tenths above 3.0 feet.

Channel and control.—Gravel; shifts slightly during flood stages.

Discharge measurements.—Made from bridge. .

Winter flow.—Observations .discontinued during winter. Estimate for winter of
1912-13 based on flow of Minnesota River at Montevideo and the Chippewa near
Watson, and the discharge measurement on February 22.

Regulation.—No dams control flow at the present time.

Accuracy.—Records only fair because of slight shifting of channel and rating curves
only fairly defined.

Discharge measurements of Lac Qui Parle River at Lac Qui Parle, Minn., during the year
ending Sept. 30, 1913.

Gage Dis- G Dis-
Date. Made by— height. | charge. || D8t Made by— heié%net. charge.
Feet, | Sec.ft.
Feb. 22 Sept. 15 | 8. B. Soulé.. 0.37 50.49
Apr. 22 15 ... do 311 »053

¢ River almost frozen completely to bed. b Measurement made by wading.

Daily gage height, in feet, of Lac Qui Parle River at Lac Qui Parle, Minn., for the year
ending Sept. 30, 1913.

[C. A, Gould, observer.]

Day. Oct. { Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

1. 0.80 8.8 2.4 2.3 .02 | 0.8 0.42
2. .85 86 | 2.4 | 21 95| .70 .45
3. .85 4.0 2.3 2.05 .90 .70 .85
4. .88 3.3 2.3 2.0 1.05 .65 1.05
5. .90 3.0 [ 23 | 1.9 | 140 .60 .78
.90 2.56| 225} 1.85| 1.18 .60 .62

.88 2.3 2.2 1.8 1.30 .60 .55

.88 2.35 | 2.1 1,65( 1.6 .58 .48

.88 2351 2.0 1.6 1,55 .55 .46

.88 2.25| 2.0 1.55| 156 .55 .45

.85 2.2 2.0 1.45( 1.38 .55 .45

.88 2.0 1.9 1.40 | 1.32 .52 .41

.85 215 1.8 1,40} 1.25 .55 .40

.85 2.7 1.8 1.281 112 .55 .40

.85 - 5.4 1.8 1.201 L10 .55 .38

.8 5.6 1.9 1.15¢ 1.22 .52 .35

.85 4.8 1.9 1.10| 115 .52 .35

.90 3.8 2,051 1.02| 1.22 .82 .35

.90 3.2 2.0 .98 1.22 .70 .30

.98 2.8} 2.1 1.08 | 1.30 .82 .30

.98 2651 2151 1.10| 1.32 .70 .30

.88 2.451 2,65} 1.05% 1.32 .62 .28

.90 2.45| 3.4 1.42 | 1.30 .60 .28

.90 2.4 3.5 1.6 1.20 .55 .35

.90 2.6 3.1 1.6 1.15 .55 .32

.88 3.3 2.85] 1.6 1.1 .52 .30

.88 3.6 2,7 1.48 | 1.10 .50 .30

.85 |. 3.3 2.7 1.38 | 1.05 .50 .30

.88 2.9 2.8 1L12( 1.00|. .45 .30

.82 2.6 2.6 1.12 .90 .45 .30

PR -5 20 PRRSURN RN RN PRI SN M, 2.4 |....... .88 A2 0.l

Nore.—Discharge relation affected by ice about Nov. 26, 1912, to Apr. 3, 1913.
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Daily discharge, in second-feet, of Lac Qui Parle River at Lac Qui Parle, Minn., for the
year ending Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
162 149 26| 14 1.3
162 124 21 10 1.8
149 118 191 10 16
149 112 28 8. 18
149 101 53 6.0 13
142 96 37 6.0 6.8
136 91 45 6.0 4,2
124 70 71 5.3 2.2
112 71 66 4,2 1.8
112 66 62 4.2 1.8
112 58 51 4,2 1.8
101 53 47 3.2 L2

53 42 4.2 1.0

91 44 32 4,2 1.0
91 38 31 4.2 .9
101 34 39 3.2 .6
101 31 34 3.2 .6
118 26 391 15 .6
112 24 391 10 .3
124 30 451 15 .3
130 31 471 10 .3
198 28 47 6.8 .3
317 55 45 .0 .3
333 71 38 4.2 .6
269 71 34 4.2 .4
2290 71 32 3.2 .3
206 60 31 2.5 .3
206 51 28 2.5 .3
221 32 25 1.8 .3
191 32 19 1.8 .3
162 [....... 18 L3 |eaeans

Note.—Daily discharge computed from a rating curve well defined between 14 and 678 second-feet
(gage heights, 0.8 and 5.5 feet) and fairly well defined below 14 second-feet. ~Discharge estimated, because
of ice, from one discharge measurement, climatic records, and comparison with the flow of Minnesota River
near Montevideo, as follows: Nov. 26-30, 9 second-feet; Dec. 1-31, 1912, 5 second-feet; Jan. 1-31, 1913, 4 second-
feet; Feb. 1-28, 1 second-foot; Mar. 1-31 10 second-feet: and April l-é, 200 second-feet.

Monthly discharge of Lac Qui Parle River at Lac Qui Parle, Minn., for the year ending
Sept. 80, 1913.

' [ Drainage area, 838 square miles.}

D in -feet. .
ischarge in second-feet, ?ulg;)i-f
e in
Month. Per | Iches on Accu-
: i ainage .
Maximum. | Minimum. | Mean. sglq]iaée area).
12.0 0.014 0,02 | D.
11.4 .014 .02 | D,
5 . 0060 .007
4 . 0048 .
1 L0012 .001
10 .012 .01
253 .302 .34 | B.
158 .189 .22 | B.
63.2 .075 .08 | B.
38.5 . 048 .05 | B.
5.95 .0071 .008 { C.
2.95 . 0035 .004 1 C.
47.1 . 056 .77
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CHIPPEWA RIVER NEAR WATSON, MINN.

Location.—On line between secs. 10 and 15, T. 118 N., R. 41 W., at highway bridge
2% miles northeast of Watson, 10 miles above mouth of river, and about 2 miles
below mouth of Dry Weather Creek.

Records available.—July 6, 1909, to September 30, 1913.

Drainage area.—1,940 square miles.

Gage.—Chain gage attached to bridge; read in the afternoon to quarter-tenths.
Limits of use: Hundredths below 5.0, half-tenths from 5.0 to 6.0, and tenths
above 6.0 feet.

Channel and control.—Slightly shifting during flood stages.

Discharge measurements.—Made from bridge and by wading.

Winter flow.—During period of ice in 1912-13 based on direct relation betwéen flow
at Montevideo and Watson supplemented by one discharge measurement.

Regulation.—Some slight regulation may have been due at one time to a flour mill
working under an 8-foot head, but this dam is now out and the flow is natural.
No backwater at station from dam at Montevideo.

Accuracy.—Records good; based on a fairly well-defined curve.

Discharge measurements of Chippewa River near Waison, Minn., during the year ending
Sept. 80, 1913.

Date. Made hy— Gage Dis-

height. | charge.
Feet. Sec.-ft.

Feb. 22 (a) 2.8
Apr. 22 5.17 120
Sept. 15 4,97 94

e Measurement made near the mouth of river. Gage not visited.

* Daily gage height, in feet, of Chippewa River near Watson, Minn., for the year ending
Sept. 30, 1913.
[Clifford Bonde, observer.]

Day. Oct. { Nov. | Dec. | Jan. | Feb. | Mar. { Apr. | May. | June. | July. | Aug. | Sept.
4,70 | 4.62 5.0 5.3 5.8 4,20 [ 5.5 5.05
4,70 | 4.65 |. 4,92 5.35| 5.65| 4.25| 5.4 5.4
4.68 | 4,68 . 4.62| 5.2 |oeeeoifenuennn 5.3 5.8
4,65 | 4.68 |. 4,45 5.2 5.45 | 450 5,25 |.......
4,60 4.65 4,55 5.25 (....... 4.48( 5.2 |.......
4.62| 4.55 4.8 5.3 5.3 4.481 5.15 5.1
4,65 | 4.65 |. 4,90 |....... 5.2 4,48 5.1 5.0
4.65 | 4.60 5.2 5.2 5.1 4,48 5.1 5.0
4.681 4.€0 . 5.3 5,3 5.0 4.42| 5.05 5.0
4.68 | 4.62|. 6.0 5.2 4.90 | 435 5.1 4.9
4.70 | 4.61|. 5.9 5.2 4.83] 4.42] 5.1 5.2
4.72 | 4,58 |. 5.4 5.2 4.85| 4.40| 4.9 5.1
4,70 | 4.60|. 5.5 5.2 4.80| 4.38| 5.0 5.0
4.68 | 4.62|. 5.4 5.2 4.72| 4.40] 4.9 5.0
4,681 4.62 535 5.3 4,70 4.42 ) 4.88 4.98
4,68 | 4.60 5.4 5.4 4,68 | 4.58| 4.8 4,95
4.68| 4.68 1. 5.4 5.5 4.60| 4.60| 4.9 4.92
4.68 | 4.70 5.3 565 4.45| 472} 5.0 4.88
4.70 | 4.70 5.2 59 4.55 | 490 4.9 4.8
4.68 | 4.60 5.2 6.0 4.75| 5.0 5.2 4.82
4,65 | 4.58 . 5.2 6.1 3.55| 510§ 5.2 |.......
4.65 | 4.55 |. 5.2 6.2 4.50 1 5.1 5.25 4,82
4.62 | 4.60 (. 5.2 6.2 4,45 |....... 5.3 4.85
4,62 | 4.62 1. 5.3 6.3 4.40| 5.3 54 4.88
4.62| 4.71 5.3 6.3 4,42 5,451 5.4 4,82
4.6l | 470 |ociiai]omvecaifieaiiifonanann 5.3 6.4 4.45 | 5.5 5.45 4.80
4,61 470 [eaeifenuneiifosananifoeannnan 5.4 6.4 4,42 | 5,55 5.4 4,82
28.. 4,62 4.68 . 5.4 6.3 4.35| 5.5 5,35 4.82
29 4.60 | 4.65 ... ool feeoiiiiiiaas 5.4 6.2 4.301 5.6 53 4,8
30, 4601 462 ... . ]iciiiii]aieiia i 5351 6.0 4.35| 5.6 52 4.75
3. [ 1 0 PR RN [N 5,06 |....... 58 ..ot 5.5 5,1 |oee--e.

Nore,—Discharge relation affected by ice about Nov. 23, 1912, to Apr. 3, 1913.
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Daily discharge, in second-feet, of Chippewa River near Watson, Minn., for the year ending
Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
165 105
151 151
137 210
130 a 177
124 o 144
118 111
111 99
111 99
105 99
m | 93
11 124
93 111
99 99
87 99
8 97
85 93
87 89
99 85
93 82
124 78
124 a8
130 78
137 82
151 85
151 8
158 76
151 78
144 78
137 82
124 7
111 j....... .

¢ Interpolated.

Nore.~—Daily discharge computed from two well-defined rating-curves. Curve used Apr. 4 to Sept.
30 based on nine discharge measurements made in 1913 and 1914.  Discharge estimated, because of ice,
from one discharge measurement and the flow of Minnesota River near Montevideo and of Lac Qui Parle
River at Lac Qui Parle, as follows: Nov. 25-30, 59 second-feet; Dec. 1-31, 45 second-feet; Jan. 1-31,
23 second-feet; Feb. 1-28, 9 second-feet; and Mar. 1-31, 30 second-feet,
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Monthly discharge of Chippewa River near Watson, Minn., for the year :nding Sept. 30,
- 1913.

[Drainage area, 1,940 square miles.]

Discharge in second-feet. (?m} _]?ﬁ
epth in
Manth, P gnc eson |Aoou-
Maximum, | Minimum, | Mean, | square | dainage |7
) ) T
6L5 0.032 0.04 | B.
589 .030 .03 | cC.
45 .023 .03 [ C.
23 .012 01 1D,
9 . 0046 .005 | D.
30 .016 .02 | D.
127 . 066 .07 | B,/
191 .098 .11 1AL
84.6 . 044 .05 | A,
86.5 . 045 .05 | A,
121 . 062 07 | AL
101 . 052 .06 | A,
78.5 . 040 .54

REDWOOD RIVER NEAR REDWOOD FALLS, MINN.

Location.—At first highway bridge above Redwood Falls, 3 miles distant.

Records available.—July 2, 1909, to September 30, 1913.

Drainage area.—703 square miles.

Gage.—Chain gage attached to bridge; read once daily to quarter-tenths. Limits
of use: Hundredths below 3.0, half-tenths from 3.0 to 4.0, and tenths above
4.0 feet.

Channel and control.—Well-defined control, consisting of loose and solid rock and
coarse gravel, at rapids about 200 feet below gage; practically permanent.

Discharge measurements.—Made from bridge; at low stages by wading at different
sections.

Winter flow.—Affected by ice; observations discontinued.

Regulation.—Flow natural; no dams above gaging station. Below station a dam
at Redwood Falls creates a pond extending a considerable distance upstream,
but backwater does not reach station.

Accuracy.—Records should be reliable as conditions are favorable for excellent
results.

Discharge measurements of Redwood River near Redwood Falls, Minn., during the year
ending Sept. 30, 1913.

is- D
Date. Made by— nﬁé%et. ch]glrsge. Date. Made by— h(gig S chai:’é&
Feet. | Sec.ft. ) Feet. | Sec.-ft.
A‘Sx‘. 24 2.32 67 || Sept. 17 | 8. B, Soulé............. 1.64 2.6
July 17 2.01 27 17 J..... doo el 1.64 2.6

NortEe.—Measurements made by wading.
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Daily gage height, in feet, of Redwood River near Redwood Falls, Minn., for the year ending
Sept. 80, 1918. .

[Wallace Stuart, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
175 2.05 2.25] 1.72| 179 1.78
1.85| 2.05 2.20| L70| 174 1.78
1.90 | 2.02 2.20] .70 L69[ 1.78
190} 2.00 2,10} 1.80| 169 178
L7 | 192 2.10) 1.78 | 1.69 1.76
1951 2.00 2,06} 1.78 | 1.74 1.77
1951 2.00 2.001 1.75| 1.67 L72
2.00 § 2.00 1 1.80 | 169 1.72
2.00 | 2,00 1951 1.90) L64 1.72
1.88 |...-... 1.90| 2.00 161 L7
2.00 | 1.95 190} 2.10] 159 1.72
2.10| 2.00 |. L9 2.10( L1.59 1.69
2.10| 2.00 L9 | 2.10| 159 1.67
2.00 1 1.95 (. 1.88 | 2.10| 1.69 1.67
1.85| 1.90 1.90 | 2.08 | 1.69 1.67
195} 2.00 1.85| 2.05| 169 1.67
L95} 195 1.85| 2.00| 173 1.65
2.00 | 1.95 1.85|....... 1.76 1.65
2,10 | 1.95 1.821 1.95| 1 1.62
195 190 180 190 | 1.68| 1.62
2.00 | 198 L8| L90| LT3 1.60
2.05 1 2.00 178 L90| L73 1.60
2.05| 2.00 1.80| 1.90| L73 1.65
2.05] 1.98 1.80| 1.88| 1.78 1.65
190 1.90 | 1.80| 1.8 | 178 1.65
1.96 | 1.98 1.80| 1.8 | 178 1.65
2.05| 1.95 1.78| L79| 178 1.62
2,00 | 1.98 1L.75| 179 1L78 1.65
2.05 1 2.00 L78 1.79| 178 1.62
1.96 [ 1.88 L7 | .79 L78 1.60
P TN RN IO AU FDR MRS SR B i 179 L78|.......

NorEe.—Discharge relation affected by ice about Dec. 1, 1912, to Mar. 31, 1913.

Daily discharge, in second-feet, of Redwood River near Redwood Falls, Minn., for the year
ending Sept. 30, 1913.

Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July, | Aug. | Sept.

97 80 60 6 9 8
104 69 50 5 7 8
110 50 50 5 5 8
110 42 34 9 5 8
110 34 34 8 5 7
84 34 28 8 7 8
73 32 23 7 4 []
73 32 21 9 b5 [}
80 28 19 15 3 6
84 28 15 23 2 7
84 28 15 34 2 6
84 25 15 34 2 5
84 25 15 34 2 4
90 28 14 34 ] 4
110 34 15 32 5 4
114 28 12 28 5 4
122 25 12 23 6 4
136 25 12| a2l 7 4
150 32 10 19 4 3
136 32 9 15 4 3
m| 34 9| 1 6 2
110 34 8 15 6 2
73 37 9 15 6 4
63 42 9 14 8 4
92 50 9 12 8 4
92 60 9 10 8 4
87 69 8 9 8 3
80 69 7 9 8 4
80 69 8 9 8 3
69 60 8 9 8 2
....... 69 1....... 9 - 3 P

a Estimated.

NotE.—D! e1(1137 discharge computed from a fairly well-defined rating carve. Discharge, December 1-31,
1912, estimated, because of ice, from discharge of adjacent drainage areas, at 10 second-feet.
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Monthly discharge of Redwood River mear Redwood Falls, Minn., for the year ending
Sept. 30, 1913.

[Drainage area, 703 squdre miles.]

Discharge in second-feet. dlg‘“;']fﬂ
epth in
Month. §nc oS on Accu-
Maximum. | Min M Jadro | drainage |7
aximum. | Minimum, ean. |. sgn ar (J are).

8.5 24,2 0.034 0.04 | B.
16 23.9 .034 .04 | C.

............ 10 .014 .02
63 96.4 .137 .15 | B.
25 42.1 . 060 .07 | B.
7 18.2 .026 .03 | B.
5 16.0 .023 .03 | B.
2 5.7 . 0081 .009 | C.
2 4.8 . 0068 008 | C.

COTTONWOOD RIVER NEAR NEW ULM, MINN.

Location.—In sec. 31, T. 10 N., R. 30 W., at Alwin highway bridge, 2 miles southeast
of New Ulm, 15 miles below mouth of Sleepy Eye Creek, the nearest tnbutary

Records available.—July 2, 1909, {0 September 30, 1913.

Drainage area.—1,190 square miles.

Gage.—Chain gage attached to bridge; read morning and evening to quarter-tenths.
Limits of use: Hundredths below 2.0, hali-tenths from 2.0 to 3.5, and tenths
above 3.5 feet. Datum of gage lowered 2.28 feet August 12, 1909. All readings
prior to that date corrected so that all gage heights refer to new datum.

Channel and control.—Slightly shifting as shown by low-water measurements.

Discharge measurements.—Made from bridge and during extreme low water by
wading.

Winter flow.—Estimates during frozen period based on discharge measurements.

Regulation.—Flow not regulated; no dams above station and no effect from back-
tvater from dam at New Ulm.

Accuracy.—See footnote to monthly discharge table.

Discharge measurements of Cottonwood River near New Ulm, Minn., during the year
ending Sept. 30, 1913.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || Dt Made by— height. | charge.
Feet. | SecHt. Feet. | See.-ft.

Dec. 27 | 8. B Soulé............. 1.93 29,7 || July 18 | B. J. Peterson.......... 1.80 ] b68
Jan. 22 |..... [ 0 YA 2.76 a2.1| Sept. 18 | 8. B.Soulé.._.......... 1.04| v13.0
Apr. 24 { W.G. Hoyt............ 2.73 229 18 |..... L2 (O 1.04| 2128

a Complete ice cover.
b Measurement made by wading at a section a short distance below the gage,
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Daily gage height, in feet, of Cottonwood River near New Ulm, Minn., Oct. 1, 1912, to
Dec. 18, 1913.

[Esther Alwin, observer.]

Day. | Oct. |Nov. May. | June.| July. | Aug. | Sept.| Oct. | Nov.| Dee.

1.25 2.6 (27525 [1.45]1.261.18]1.19} 1.30

1.25 2.5 (26 |2.4 [1.42)11.22|1.16]1.28 | 1.30

1.25 2.5 12.55"12.3 [1.42)1.20(1.15]1, 1,30

1.25 2.4512.4 |2.46(1.42)1.15|1.15]1.30| 1.30

1.25 2.4512.1512,3 | 142110112 |1.30| 1.30

1.25 2.4 121 123 11.42]11.05}1.10]1.30} 1.30

1.25 2.4 [1.95]2.2 (1.42)1.05]1.10|1.32| 110

1.25 2351192121 |1.42|109}1.10(1.35| 1.40

1.25 2,25 (1.8 121 [1.4211,1211,10]1.08| 1.40

1.25 2.1 1180120 {1.40]1.11}118}1,10} 1.42

1.256 2,05 1.7511.98]1.38|1.10{ 1,15 11.10 | 1.42

1.25 2,05 (1.79211.9211.34 | 1.0811,15|1.10 | 1.42

1.25 1.95 ) 1.65 | 1.90 { 1.32 | 1.08 ( 1.15 | 1,10 | 1.42
1.25 1.95]1.7811.90 | 1,32 | 1.06
20| L.25 2.0 |1.70]1.88(1.32|1.08
301]1.25 2.051.4911.85(1.32 ] 1.08
351 1.28 2,1511,48 11,80 1.30 } 1.06
35| 1.28 2.2 [1.40175{1.28|1.06
301.28 2.2511.3511.70{1.28 ) 1.12
28] 1.28 2.3 |1.54]1.68]1.32} 111
1.28 | 1.28 3. 2.35 | 1.51 |.1.62 { 1,40 | 1.05
1.28 | 1,28 3. 2,65 11,4811.601.48 | 1,00
.1 1.28 | 1.28 2. 3.05(1.48 1,58 1.52] 102
-1 1.28 1,39 2. 3.1 11567152 1.64.}1.06
.1 1261 1.48 3. 3.051.941.50]1.62f110
1.25 | 1.50 3. 3.0 |25 jL46(1.52]1.10
1.25 | 1.50 3. 3.0 13.25}1.41 )1 1.09
.1 1.25 | 1,48 3. 2.9513.6 140} 1.40} 1,08
1.25 ) 1.48 2. 2.9 132 §1.40}1.35]1.12
1251 1.48 2. 2.8 |28 }11.4511.32}1.15
1,25 |...... 2.8 |...... 1451 1.30|......

Nore.—Discharge relation affected by ice about Nov. 24, 1912, to Apr. 7, 1913, and Dec. 7-13, 1913,

‘Daily discharge, in second-feet, of Cottonwood River near New Ulm, Minn., Oct. 1, 1912,
to Dec. 6, 1913.

Nov.

&
z
k=l
I
=]
s
st

Nowv. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July. | A

233 | 174
196 | 154
185 | 136

13| 136

8
g
BRE Suny ssuus
&
=
R

174
174
174
164
164
154
154
145
128
106
99
99
86
86
%
113 38 74 25 14 16 24
120
128
136
145
208
320
336
304
304
289
274
246
246

Nore.—Daily discharge computed irom two well-defined rating curves. Curve used Apr. 8 to Dec. 6,
1913, based on measurements made during that period. Discharge estimated, because of ice, from gage
heights, observer’s notes, 2 discharge measurements, and climatic records, as follows: Nov. 24-30, 23 second-
feet; Dec, 1-26, 16 second-feet; Dec. 27-31, 1912, 10 second-feet; Jan. l—él, 1913, 4 second-feet; Feb. 1-28,
3 second-feet; Mar. 1-31, 50 second-feet; and Apr. 1-7, 70 second-feet.
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Monthly discharge of Cottonwood River near New Ulm, Minn., Oct. 1 , 1911, to Dec. 6,
1913.

[Drainage area, 1,190 square miles.]

Discharge in second-feet.
(Gopti i
Month, ' Per | incheson %aeg;x-
Maximum. | Minimum, | Mean. | square :
mile, area).
191112,
279 0.234 0.27 | C.
60.9 .051 . D.
55.0 .46 051D,
20 017 .02 | D,
15 .013 01| D,
90 .076 . C.
233 . 196 22 | C.
123 .103 121 B,
51.0 .043 .05 | B,
3L0 .026 .03 | B.
23.6 020 021cC.
15.8 013 01| C.
83.4 .070 95
19.4 .018 .02 | C.
21.4 .018 .02 {C.
15 .013 .01 jC.
4 . 0034 .004 | D.
3 . 0025 L0031 D
50 .042 .05 | D,
293 .246 .27 |C.
180 .151 .17 | B.
124 .104 .12 | B,
79.9 087 .08 | Al
3L5 . 026 .03 | B.
14.4 012 01 | A
69.8 . 059 .79
171 .014 .02 | B,
22.2 .019 .02 | B,
24 .020 .004 | B,

Nore.—Estimates of ¢ Discharge in second-feet }¥r square mile” and “Run-off (depth in inches)”’ for
1912 su})ersede those published in Water-Supply alger 325, which were computed from an erroneous
value of the drainage area. Estimates for October, ovember, and December, 1911, are republished to
complete the data for the climatic year.

ST. CROIX RIVER NEAR ST. CROIX FALLS, WIS.

- Loeation.—At power plant of Minneapolis General Electric Co., on Wisconsin side
of 8t. Croix River near St. Croix Falls, Wis., about 50 miles above confluence of
St. Croix and Mississippi rivers near Hastings, Minn. Apple River, draining an
area wholly in Wisconsin, enters from left about 20 miles below station‘ Snake
River enters from right about 35 miles above station.

Records available.—January 10, 1902, to June 30, 1905; January 1, 1910, to Sep-
tember 30, 1913. Data for 1903 published in Water—Supply Paper 98, pages 176-
177, under St. Croix River, near Taylors Falls, Minn, Daily and monthly dis-
charge for January 10, 1902 to June 30, 1905, and January 1, 1910, to October 31,
1912, and monthly discharge for July, 1905, to December, 1909, with the excep-
tion of nine months, published also in report on water resources of Minnesota, by
the State Drainage Commission.

Drainage area.—5,930 square miles.

Discharge.—Determinations based on kilowatt output of dynamo and exciters plus
the flow over the dam and spillway, which are considered as a weir.

Accuracy.—Records not checked by engineers of United States Geological Survey,
but are believed reliable.

Cooperation.—Records furnished by Minneapolis General Electric Co.
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ending Sept. 30, 1913,

Jan.

Dec.

[Drainage area, 5,930 square miles.]

d-feet, of St. Croix River near St. Croix Falls, Wis., for the year

Nov.

SURFACE WATER SUPPLY, 1913, PART V.

Oct.

Month.

arge, 1n secon

Day.

110
Daily disch

11 R

Monthly discharge of St. Croix River near St. Croix Falls, Wis., for the year ending Sept.

February...... .
March

| L T
b ) R

The Jear. .. - oo caiaaaecaaaaaanen

Norte.—Computed by engineers of the United States Geological Survey from records of daily discharge

furnished by the Minneapolis General Electrical Co.
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KETTLE RIVER NEAR SANDSTONE, MINN.

Location.—At quarries of Barber Asphalt Co. at Banning, 3 miles above Sandstone;
no tributaries within several miles.

Records available.—October 18, 1908, to September 30, 1913.

Drainage area.—825 square miles. .

Gage.—Staff gage in two sections fastened to vertical rock wall; read once daily to
hali-tenths. Limits of use: Half-tenths below and tenths above 3.5 feet. Gage
50 feet above decided rapids. Datum subsequent to April 25, 1912, may differ
not more than about 0.02 foot from that of previous years.

Channel and control.—Bedrock; permanent.

Winter flow.—Rapids freeze and cause backwater during extremely cold weather.

Regulation.—Station not affected by nearest dam at Sandstone, 3 miles below.

Cooperation.—Station maintained in cooperation with Kettle River Co.

No discharge measurements were made during the year ending September 30, 1913.

Daily gage height, in feet, of Kettle River near Sandstone, Minn., for the year ending
Sept. 30, 1913.

[F. L. Betts, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. { Sept.
1.35| 1.3 2.2 3.4 3.2 2.3 2.7 1.7
1.3 1.3 2.7 3.3 3.1 2.2 2.7 1.7
1.25| 1.3 2.95 3.2 3.1 2.2 2.6 1.6
1.2 1.3 2.9 3.3 3.0 2.2 2.5 1.6
1.3 1.3 2.8 3.3 3.0 3.9 2.4 1.6
1.3 1.3 2.9 3.2 2.9 4.7 2.3 1.5
1.35 | 1.3 3.15 3.1 2.9 4.9 2.2 1.5
1.3 1.3 3.2 3.0 2.8 4.7 2.2 1.4
1.25 | 1.3 3.25 2.8 2.8 4.7 2.1 1.4
1.2 1.3 3.15 2.8 2.7 4.7 2.0 1.4
1.25 | 1.3 3.06 2.7 2.7 4.7 1.9 1.5
15 1.3 2.95 2.7 2.6 4.6 1.9 2.1
1.45] 1.3 3.1 2.6 2.5 4.6 1.8 2.1
1.4 1.3 3.7 2.6 2.4 4.5 1.7 2.1
1.4 1.3 8.7 2.8 2.3 4.4 1.7 2.1
1.35 | 1.3 1.0 3.7 3.4 2.3 4.3 1.8 2.0
1.35| 1.25 1.0 3.6 5.1 2.3 4.3 2.0 2.0
1.35| 1.2 .95 | 3.5 5.0 2.2 4.2 2.2 1.9
.35 1.2 1.0 | 3.5 48] 2.1 4.2 2.2 1.9
1.35 | 1.15 1.05 | 3.4 4.6 2.0 4.0 2.1 1.8
1.351 1.1 1.0 | 3.3 4.9 1.9 4.0 2.1 1.8
.35} 1.05 1.05| 3.3 5.2 1.9 3.8 2.1 1.7
1.3 1.0 1.0 | 3.4 5.3 1.9 3.6 2.0 1.7
1.3 1.0 1.0 3.7 5.0 1.8 3.4 2.0 1.7
L3 .95 1.05) 4.0 46| 18] 32; 20 1.8
1.25 .9 1.1 4.2 4.3 231 3.1 1.9 1.9
1.3 .8 1.25 | 4.3 3.9 2.4 3.0| 19 1.9
1.3 1.15 | 4.3 3.8 2.3 3.0 1.9 1.9
1.3 1.1 3.9 3.6 2.3 2.9 1.8 1.9
1.3 1.3 3.5 3.6 2.3 2.9 1.8 1.9
1.3 1.65 |....... 344 2.8 1.8 |.....ee

Nore.—Discharge relation affected by ice about Dec. 1, 1912, to Mar. 15, 1913,
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Daily discharge, in second-feet, of Kettle River near Sandstone, Minn., for
Sept. 30, 1918.

the year ending

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
) 675 216
i 675 216
b S 620 186
L . 565 186
B, 1,090 1, 515 186
Beciiiaian 1,010 2,44 465 160
[ SR, 935 2,720 420 160
- 865 2, 420 136
9 ... 735 2, 44 375 136
10...o 735 2 330 136
) 900 675 675 | 2, 288 160
12 832| 675| 6202, 288 375
130l 935 | 620 5652 250 375
4. ... 1,430 620 515 | 2, 216 375
15 1,430 | 735 | 465 |2 216 375
) [ I 1,430 | 1,170 | 465 | 1,9 250 330
7. 1,340 | 3,000 | 465 | 1, 330 330
18 e, 1,260 | 2,860 420 1,8 420 288
19 L. 1,260 | 2,580 | 375 | 1, 420 288
20 1,170 | 2,320 | - 330 | 1, 375 250
P SO 1,09 | 2,720 | 288 {1, 375 250
220 i, 1,090 | 3,160 288 11, 375 216
2Bl 1,170 | 3,300 | 288 |1, 330| 216
24 .. 1,430 1 2,860 1 250 {1, 330 216
25, 1,700 | 2,320 250 | 1, 330 250
26, 1,890 | 1,990 | 465 288 288
7 OO 1,990 | 1,610 | 515 288 288
D I 1,990 | 1,520 | 465 288 288
20 ... 1,610 | 1,340 | 465 250 288
30 e 1,260 | 1,340 { 465 250 28
Bleciiceacean] M2 b oo ] 200 ..l 1,170 |....... 250 |.cann..

. NotE.—Daily discharge computed from a well-defined rating eurve. Discharge estil
ice, from gage heights, observer’s notes, climatic records, and discharge of Rum and Snake
Dec. 1-31, 80 second-f’eet; Jan. 1-31, 60 second-feet; Feb. 1-28, 40 second-feet; and Mar. 1+

Monthly discharge of Kettle River near Sandstone, Minn., for the year en
1918.

[Drainage area, 825 square miles.]

mated, because of
Rivers, as follows:
15, 50 second-feet.

ding Sept. 30,

Discharge in second-feet, ((l;u%_ﬁ) -
epth in
Month, P inches on |Accu-
Maxi Minim Mean. | square | draiage |T¢Y:
aximum, um. - | squan areny
0.16 | B.
A1 C.
A1) D,
.08 | D.
.05 | D,
.09 | C.
1.60 | A.
2.18 | B.
L7 | AL
2.18 | A,
.52 | A,
W34 | Al
8.19

SNAKE RIVER AT MORA, MINN.

Location.—In sec. 14, T. 39 N., R. 24 W, at the highway bridge three-fourths of a

mile south of Mora, above mouth of Ann River.

Records available.—June 11, 1909, to June 30, 1913, when station was discontinued

in favor of a better location at Pine City.
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Drainage area.—422 square miles.

Gage.—Vertical staff; read morning and evening to tenths; occasional readings taken
to quarter-tenths. Limits of use: Hundredths below 6.5, half-tenths from 6.5 to
8.0, and tenths above 8.0 feet.

Channel and control.—Shifting.

Winter flow.—Determined by measurements madé through the ice.

Regulation.—Flow at station not regulated except for possible slight effect from
logging dams at Knife Lake outlet and White Pine. Below Pine City flow regu-
lated to some extent by operation of power plant at that place.

Accuracy.—Records considered only fair owing to shifting channel.

Discharge measuremenis of Snake River at Mora, Minn., during the year ending
Sept. 30, 1913.

Gage Dis- Gage | Dis-
Date. Made by— helagit. charge. || Date Made by— heizit. charge.
Sec.-ft. Sec.-ft.
Oct. 24 @33 b24.7
24 a 36 b21.8
Dec. 31 b31 203
Jan, 29 b24.5 1,680
a Measurement made by wading. b Cowmplete ice cover at control.

Daily gage height, in feet, of Snake River at Mora, Minn., for the period Oct. 1, 1912,
to June 30, 1913.

{Alice Lasher, observer.]

Day. Oct. | Nov, \ Dec. | Jan. | Feb., | Mar. | Apr, | May. | June.
i .
6.05| 5.92 9.2 7.8 7.55
6.00 5.95 9.0 7.75 7.4
6.00 | 5.92 8.9 7.65 7.2
6.007] 5.92 8.8 7.65 7.0
595| 5.95 8.4 7.65 6.9
59| 5.9 8.1 7.55 6.75
5911 592 7.65| 7.45 6.65
5.90 5.92 7.45 7.35 6.6
5911 5.92 7.25| 7.35 6.5
5.92 5.92 7.05 7.25 6.46
5.90 |, 5.92 6.85| 7.05 6.37
6.10 | 5.92 6.85 7.0 6.27
6.05( 5.923 6.95| 6.95 6.21
6.00 | 5.9 7.05| 7.05 6.16
6.00| 5.92 7.1 7.35 6.16
6.00{ 5.9 7.05| 9.1 6.11
6.00 5.88 1. 7.05 | 10.2 6.06
6.00 5.90 |. 7.05 ] 10.7 6.06
6.00( 5.9 7.05| 10.2 6.06
598 5.9 7.1 9.9 6.06
5.95 1 5.91 7.05| 10.2 6.06
6.00 5.90 7.1 111 6.06
6.00 | 5.90 7.2 | 110 5.98
5951 6.08 7.5 | 10.8 5.96
595 6.00 8.2 | 10.0 5.96
595 6.00 8.8 9.6 5.96
505 ........ 8.6 9.1 5.98
5.95 [caunan-n 8.6 8.6 5.96
5.94 [....... 8.2 8.2 5.96
591 fooe..... 8.0 7.95 5.96
591 [ceeeai] B4 feeeeiiiieen e ea 7.9 |eeeemnee

NorE.—Discharge relation affected by ice about Nov. 24, 1912, to Apr. 13, 1913,
91388°—wsp 355—15——S8
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Daily d’ascharge in second-feet, of Snake River at Mora, Minn., for the period Oct. 1,1912,
to June 30, 1913.

Day. Oct. | Nov. | Dec. Jan. Feb, | Mar. | Apr. | May. | June.

) O 43 392 322
) 40 378 282
: S 40 350 232
7 SOOI o 40 350 190
5 36 350 172
33 322 146

34 295 130

33 269 122

T34 269 108

34 244 103

33 200 91

47 190 79

43 181 72

40 200 67

40 269 67

40 820 61

40 1,260 56

40 1,460 56

40 1,260 56

38 1,140 56

36 1,260 56

40 1,640 56

40 1,590 48

36 1,500 46

36 1,180 46

36 1,020 46

36 |. 820 48

36 1. 640 46

35 |. 510 46

34 |. 435 46

34 420 |........

Note.—Daily discharge computed from a fairly well-defined rating curve. Discharge estimated, because
of ice, from gage heights, observer’s notes, discharge measurements, and climatic records, as follows: Nov.
24—-30 33 second-feet; Dee. 1-31, 32 second- feet; Jan. 1-31, 28 second feet; Feb. 1-28, 23 ‘second-| feot; Mar.
1-31, 35 second- feet; and Apr, 1—13, 120 second-feet.

Monthly discharge of Smake River at Mora, Minn., for the year ending Sept. 30, 1913.
[Drainage area, 422 square miles.}

c] in second-feet.
Discharge in se t. dRun fﬁ
epth in
Month, Per l(nc es on 1}0011—
: drainage acy-
Maximum, | Minimum, | Mean. square area)
mile. *
October.... e 47 33 37.6 0.089 0.101 B
33.7 .080 .09 B
32 .076 09| C
28 . 066 08| C
23 055 .06 | C
35 .083 10(C
246 .583 .65 C
684 1.62 L8711 B
98.4 .223 .26 | C

SNAKE RIVER NEAR PINE CITY, MINN.

Location.—At the Changwatana power station of the Eastern Minnesota Power Co.,
about 2 miles below Pine City.

Records available.—June 26 to September 30 1913.

Drainage area.—915 square miles.

Gage.—Staff gage attached to stone retaining wall in front of power plant; read about
eight times daily to hundredths,
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Channel and control.—Bed of stream rock and coarse cobblestones; control practi-
cally permanent.

Discharge measurements.—At Iow and medium stages made by wading at the
gage; at high stages from a bridge about 1,800 feet above the gage.

Determination of flow.—Estimates made by adding to the flow through the turblnes
the flow over the crest of the dam as determined from readings of the staff gage.
(See ‘“Gage.””) 'Flow through turbines determined from gate openings and head,
which are read hourly.

Regulation.—Power plant at station operated with a varying light and power load
which at low stages produces a decided fluctuation in discharge.

Accuracy.—Conditions favorable for estimating the waste by means of the river gage;
estimates of flow through the wheels probably not so good, but, in view of the fact
that they are based upon 24 readings of gate openings daily, it is believed that the
records should be fair to good with the accuracy increasing with the stage.

Cooperation.—The station is maintained in cooperation with the Eastern Minnesota
Power Co.

Daily discharge, in second-feet, of Snake River near Pine City, Minn., for the year ending
Sept. 30, 1913.

Day. June. | July. | Aug. | Sept. Day. June. | July. | Aug. | Sept.
412 180 176
449 108 252
486 | 199 238
461 219 213
447 211 275
488 266
434 342 241
388 414 190

474 235
322 654 250

728 234
279 750 223
281 766 168
332 713 190
322 634 230
330 524 |........

Monthly discharge of Snake River near Pine City, Minn., for the year ending
Sept. 30, 1913.

Disc! in second-feet.
harge in second-feet. (dR“I% h")‘;n
e
Month, inches on [AA6CU-
. Per drainage | T8Y-
Maximum, | Minimum. | Mean. | square area)g
ile. .
113 46 94. 4 0.103 0.02 | B.
488 53 287 .314 .36 | B.
766 108 335 .366 .42 | B.
517 168 272 297 .33 | B.

‘CANNON RIVER AT WELCH, MINN.

Location.—At highway bridge at Welch, just below a very small tributary and 8
miles above mouth of Belle Creek.

Records available.—June 7, 1909, to September 30, 1913.

Drainage area.—1,290 square miles.

Gage.—Chain gage attached to bridge; read morning and evening to quarter-tenths.
Limits of use: Hundredths below 5.5, half-tenths from 5.5 to 7.0, and tenths
above 7.0 feet.
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Channel and control.—Practically permanent.

Discharge measurements.—Made from the bridge; measurements corrected for
angle of current.

Winter flow.—Determined by measurements made through the ice.

Regulation.—Flow regulated to a greater or less extent by each of the 11 developed
power plants above station; also by dam at outlet of Cannon Lake.

Maximum flow.—In April, 1888, the high water reached the eaves of the wheelhouse
at the mill, 20.1 feet above datum of present gage. Itissaid that this high water
was not caused by ice gorgmg

Accuracy.—Records only fair owing to daily fluctuation caused by operation of power
plants.

Discharge measurements of Cannon River at Welch, Minn., during the year ending
Sept. 30, 1913.

Gage Dis- - Gage | Dis-
Date. Made by— height. | charge. || Date: Made by heiga%t. charge.
Feet. | Sec.ft. Feet. | Sec.Ht.
QOct. 23 5. 66 217 || Apr. 10| W. G. Hoytoee.eeooo.o. 6.09 363
Feb. 3 5.34 2102 || Sept. 10 | S. B. Soulé............. 5. 56 199
Mar. 7 6. 41 a 245

a Complete ice cover.

Da@ly gage hetght, in feet, of Cannon River at Welch, Minn., for the year ending
Sept. 80, 1913.

[Esther Norell, observer.]

Day. Oct. | Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
. 5.40 § 5.48 7.2 5.9 5.6 5.66 1 5.6 5. 65
2 eecicianaan 5.44 | 5.65 6.75| 5.8 | 5.7 5.651 5.6 5.5
: SR 5.44 | 5.49 6.35| 6.0 5.8 5651 5.35 5.95
4...... eeses-w-] B.52( 5.31 6.35 | 6.0 5.76| 5,55} 5.55 5.7
Beceronnnanennn 5.85 1 b.5 6.6 6.1 5.8 5,651 5.6 5. 65
B.cevseavnennas| 8.0L] 5.5 6.7 5.8 | 5.65| 6.2 5.7 5,65

........ eee-e-| D.09] 5.5 6.5 5.7 5.7 5.7 5.65 5.6
- S, 5.5 5.48 6.25| 5.756| 5.32 5.8 | 5.6 5.7
[ . 5.38 | 5.55 6.15 ] 5.8 5.41 | 5.95| 5.6 5.8

100 cccecuiannen. 5.35 | 5.38 6.1 5.7 | 5.5 5.65 | b5.42 5.7
) 5.5 5.6 6.3 5.48| b5.651 5.6 5.65 5.8
12...... [P 5.7 5.6 6.45| 5.85| 5.55| b.75| 5.75 5.7
13...... cevaeean 5,48 | 5.65 6.6 5.8 5.6 5.9 5.75 5.7
) T R 540 | 5.5 6.65 | 5.7 5.6 5.45 | b5.75 5.55
) 1 5.7 5. 65 6.55| 5.75( 5.65| 5.7 5.7 5. 65
16..ccueun. veea| DD 5.6 6.3 . 8 5.26 | 5.6 5.55 5.65
) ¥ 5. 5.30 6.25 | 6.15 .65 | 5.55 | b5.35 5.75
). S 539 | b5.28 6.1 6.151 5.5 5.85 | 5.7 5.75
D1 5.41 | 5.6 6.1 6.3 5.65| 5.6 5.9 5.75
20 i 5. 5.6 6.0 6.6 5.20 | b5.40| 5.7 5.8
3 5.5 5.65 .1 6.15| 6.85! 5.6 5.5 5.8 5. 47
22, 5.55 1 5.42 . 2 6.0 6.95| 4.81 | 5.56| 5.8 5.7
2 T 5.55 | 5.38 4 5.9 6.8 5.05| 5.6 5.8 5.8
P2 SO 5. 5. 48 . 9 5.8 6.7 | 5.5 5.55 | 5.49 5.7
25 5.411 b.5 .8 5.8 | 6.5 5.45| 5.6 5.8 5.8
26 ecnanncneaas 5.41| 5.6 7.9 5.8 6.5 5.7 5.55 | b5.75 5.7
27 ceens PO 5.30 | 5.65 7.2 5.65| 6.45| 5.7 5.87 | 5. 5.65
b2 S, 5.5 5.7 7.3 5.76| 6.4 5.36 . 5 5.7 5.48
29 e 5.44 | 5.35 7.4 9 6.3 5.36 | 5.7 5.7 5. 55
b 5.48 | 5.6 7.5 595 6.2 5.56 | 5.85| 5.7 4,99
b3 5.5 |....... 7.4 f..... 6.1 |..an... 5.8 5.7 fevuen-

Nore.—Discharge relation affected by ice about Dec. 1, 1912, to Mar. 17, 1913,
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Daily discharge, in second-feet, of Cannon River at Welch, Minn., for the year ending
Sept. 30, 1918.

Day. . Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

NorE.—Daily discharge computed from two fairly well defined rating curves. Rating curve used prior
to Mar. 18, 1913, revised on basis of discharge measurements made subsequent to that date. Discharge
estimated, because of ice, from gage heights, observer’s notes, discharge measurements, and climatic
records, as follows: Dee. 1-31, 170 .second-feet; Jan. 1-31, 100 second-feet; Feb. 1-28, 110 second-feet; and
Mar. 1~17, 247 second-feet.

Monthly discharge of Cannon River at Welch, Minn., for the year ending Sept. 30, 1913.

[Drainage area, 1,290 square miles.]

Discharge in second-feet.
Month. Accu.-
Maximum. | Minimum. | Mean.

160
176
170
100
110

BEEEREEOOTOR

Se‘i)gtember ..................................................... 309 2 227
The Fear. ... ..o e 2,710 47 245
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CHIPPEWA RIVER AT CHIPPEWA FALLS, WIS.

Location.—At highway bridge at Chippewa Falls, Wis., 2,500 feet below mouth of
Duncan Creek entering from the right. )

Records available.—June 22, 1888, to September 30, 1913. The gage was originally
established by the Chippewa Lumber & Boom Co., which has kept a continuous
record since 1899. Since 1904 the United States Weather Bureau has obtained
gage heights during the flood season of each year. On June 1, 1906, the United
States Geological Survey began making discharge measurements and obtained
gage heights when no record was obtained by the Weather Bureau. Gage heights
ag published have been obtained from the following sources: Fargo Engineering
Co., from certified blue-print copies of records kept by the Chippewa Lumber &
Boom Co., June 22, 1888, to November 21, 1899; United States Weather Bureau,
March to September, 1905, 1907, 1908; April to July, 1909; Chippewa Lumber &
Boom Co., October 1 to December 31, 1911; United States Geological Survey.
Gage read from January to June, 1912, by Chippewa Lumber & Boom Co.; March
to July, 1912, by United States Weather Bureau; December, 1912, by Chippewa
Valley Railway, Light & Power Co. For the period March to June, covered by
two records, the mean has been used.

Drainage area.—5,600 square miles (revised since last report).

Gage.—Staff gage painted on one of the cylindrical piers at right end of bridge;
graduated to feet and inches but published to feet and tenths; read morning and
evening to hundredths. Limits of use: Hali-tenths below 2.0 feet. On August 19,
1913, gage was found in error by the following amounts, the gage reading too high:

Point on gage.| Error.

Fi. in. Foot.
27 3.1 +0.03
26 4.2 + .03
16 10.2 + .12
12 0 + .15
71 + .12
2 2 + .12

No corrections have been applied to gage heights published in the following
table, as error has probably existed ever since gage was painted on the pier; date
unknown. Itshould be noted that any error in the gage enters also into the gage
heights of discharge measurements.

Channel and control.—Probably permanent.

Discharge measurements.—Made from downstream side of bridge.

Floods.—The river reached a stage of 26.03 feet December 6, 1896; 26.94 feet Sep-
tember 10, 1884, according to high-water marks on the door of the office of the
Chippewa Lumber & Boom Co.; 13.5 feet September 16 and 17, 1903, according
to the United States Weather Bureau. .

Winter flow.—Ice forms at gage section but river is more or less open below. Notes
regarding ice at gage section do not correctly indicate the extent of backwater.

Regulation..——Operation of power plant about half a mile above dam may affect flow
somewhat, but greatest fluctuation is caused by operation of larger power plants
above, notably the Brunet Falls Manufacturing Co., at Cornell, Wis. Operation
of small reservoirs in the headwater also may affect low somewhat.

Accuracy.—Affected somewhat by operation of power plants and during the winter
by ice. Channel appears to be permanent, and a well-defined rating curve has
been developed for all stages above 1.0 foot. ) .

Cooperation.—Gage heights during 1913 furnished through courtesy of Chippewa |
Valley Railway, Light & Power Co.

The following discharge measurement was made by B. J. Peterson August 20, 1913:

Gage height, 3.27 feet; discharge, 8,060 second-feet.
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Daily gage height, in feet, of Chippewa River at Chippewa Falls, Wis., for the years ending

Sept. 30, 1888-1899.

a Flood for log driving.
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Daily gage height, in feet, of Chippewa River at Chippewa Falls, Wis., for the year end
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Daily gage heighi, in feet, of Chippewa River at Chippewa Falls, Wis., for the year ending
Sept. 30,'1913.

[August Flug, observer. ]

Day. Oct. | Nov, | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
5.2 4.5] 4.0 1.0 3.0 1.5
7.2 4.5 4.0 1.0 2.2 1.15

10.0 4.0} 3.5 .65 2.0 1.15
11.0 3.81 3.5 1.0 2.0 1.5
10.0 3.8| 3.0 3.3 1.8 1.8
.8.0 3.5] 2.3 7.7 17 1.5
7.7 3.2 2.3 7.2 1.5 1.7
6.7 3.0| 4.0 6.0 15 1.35
6.2 2.8 3.8 5.2 1.35 1.35
5.5 2.5} 3.3 5.2 1.35 1.35
5.3 2.71 3.0 4.8 1.15 1.35
4.5 2.7 2.8 4.8 1.15 1.15
5.2 2.3 | 2.7 4.0 1.356 1.15
6.0 2.3 2.5 4.0 1.35 1.15
6.3 2.3 2.3 3.8 1.15 1.15
7.2 2.7 2.3 3.5 1.0 1.16
6.5 3.3 2.0 3.7 1.0 -1.15
7.7 4.3 2.0 3.3 1.0 1.0
7.8 4.71 2.0 3.2 1.5 .85
7.5 4.7 2.0 3.5 3.3 1.0
7.0 50| 1.8 3.2 3.3 1.15
6.5 6.3| L5 2.8 3.3 1.5
6.2 6.8 1.35( 2.3 2.7 1.5
6.2 6.3 1.35| 2.2 2.5 1.7
6.0 53| L7 2.2 2.0 1.7
6.0 50 L15( 2.0 2.0 2.2
5.8 4.3 115} 2.0 1.7 2.3
5.3 3.7| LO 2.2 1.7 2.5
5.0 3.8] L0 3.0 1.36 2.3
5.0 4.0| 1.0 3.2 1.15} 2.0
....... 4.0.......| 3.5 L5 |eeeenns

NoTte.—Discharge relation probably affected by ice about Dec. 16, 1912, to Mar, 31, 1913,

Daily discharge, in second-feet, of Chippewa River at Chippewa Falls, Wis., for the years
ending Sept. 30, 1888-1899.

Day. June. | July. | Aung. Sept. |j- Day. June. | July. | Ang. | Sept.
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Dasly discharge, in second-feet, of Chippewa River at Chippewa Falls, Wis., for the years
ending Sept. 30, 1888-1899—Continued.
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Daily discharge, in second- feet,

é)f Chippewa River at Chippewa Falls, Wis., for the years
e

ending Sept. 30, 1888-1899—Continued.
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1892-93

S ORI 20, 500 110,800 115,900 | 1,300 | 1,190
b 21,600 | 9,000 930 | 1,300 | 1,000
SO 23,500 | 6,720 | 1,010 | 2,320 ) 1,000
4o, 23,500 | 7,000 | 1,010 | 1,750 | 1,000
S 20,900 | 6,720 | 2,530 | 1,300 | 1,010
[ T 17,000 | 9,290 | 3,870 | 1,580 | 1,190
f CRU R 13,900 | 8,710 | 4,600 | 3,180 { 1,190
- IO 17,000 {16,600 | 4,600 | 1,750 | 1,190
L T 15,200 | 3,870 | 6,440 | 1,750 | 1,010
11 SO 17,000 | 3,870 | 4,850 | 1,190 | 1,010
24,600 | 3,410 (14,200 | 1,300 | 1,010
37,800 | 3,410 | 1,090 | 1,190 | 1,010
38,200 | 5,630 { 1,750 | 1,090 | 1,010
33,800 | 3,870 | 6,170 | 1,090 | 1,010
,300 | 3,870 | 6,170 | 1,010 | 1,010
28,000 (14,900 | 5,370 | 1,010 | 1,010
,800 { 860 | 5,110 | 1,010 | 1,010
20,900 | 1,300 | 5,370 { 1,010 | 1,090
17,000 | 3,180 | 3,870 | 1,010 | 1,090
.| 1,090 13,600 (16,600 | 3,180 | 3,870 | 1,010 |. 1,010
1,000 13,000 {10,800 | 3,410 | 3,870 | 1,010 | 1,010
1,000 13,300 {12,300 | 5,630 | 9,290 | 1,010 930
1,000 10,800 {12,000 | 4,350 | 1,300 { 1,010 930
1,000 9,290 (15,600 {15,200 | 1,300 | 1,090 930
1,190 10,500 |19,800 | 860 | 1,010 | 1,090 930
1,300 13,900 (24,200 | 3,180 | 1,010 | 1,190 930
1,190 |. 21,300 (22,800 | 4,600 | 1,190 | 1,190 930
| 1,000 27,600 117,300 | 5,900 | 1,430 | 1,300 930
1,090 26, 500 (20,500 | 5,900 | 1,300 | 1,300 930
1,090 26,100 {15,600 | 5,630 | 1,300 | 1,300 930
1,000 eeaes|21,600 . .. .. 1,300 | 1,300 |--.....
6,720 | 2,530 | 860 | 1,010
12,300 { 2,530 | 1,090 { 1,010
2,530 | 2,320 | 1,000 | 1,010
2,740 | 1,750 | 1,000 | 1,010
5,630 | 1,580 | 1,750 | 1,010
9,000 | 1,580 { 1,190 { 1,010
2,530 1,580 | 1,190 | 1,010
4,350 | 1,580 | 1,430 [ 1,010

10,800 | 1,580 | 1,300
3,410 | 1,580 | 1,300 | 1,010
2,960 | 1,580 | 1,300 | 1,010
2,740 | 1,580 | 1,010 | 1,010
2,530 { 1,430 { 1,300 | 1,010
2,530 | 1,300 | 1,190 | 1,010
2,530 | 1,300 | 1,190 | 1,010
18,400 | 1,190 | 1,090 | 1,010
860 | 1,090 | 1,090 | 1,010
2,530 [ 1,090 1 1,090 | 1,010
2,530 | 1,090 | 1,000 | 1,010
2,740 | 1,000 | 1,000 | 1,010
3,870 | 1,010 | 1,610 | 1,010
3,870 { 1,010 | 1,090 | 1,090
3,870 | 1.010 | 1,010 | 1,010
3,870 | 1,010 | 1,010 | 1,190
3,870 | 1,010 860 | 1,190
3,870 | 1,010 | 1,090 | 1,090
4,350 | 1,010 | 1,010 | 1,090
3,870 | 1,010 | 1,010 | 1,090
3,180 | 930 | 1,010 | 1,09
3,180 | 860 1,010 860
ceeennat 86011,0001 ...,




UPPER MISSISSIPPI RIVER DRAINAGE BASIN. 129

Daily discharge, in second-feet, of Chippewa River at Chippewa Falls, Wis., for the years
ending Sept. 30, 1888-1899—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. [ May. | June. | July. | Aug. | Sept.
2,530 ,750 | 4,350 [16,300 | 2,530 | 2,530 570
2,960 ,300 | 4,110 860 | 2,740 | 1,010 570
2,960 ,300 | 4,350 | 7,280 | 4,600 ]14,600 | 1,010
2,960 ,300 | 8,420 | 8,710 | 4,600 860 | 7,000
2,740 ,300 10,500 | 9,870 | 1,580 860 | 6,440
2,960 ,190 | 9,870 | 7,560 {13,300 | 1,010 [ 5,630
2,960 ,660 | 9,290 | 5,630 | 2,320 | 1,090 | 5,630
3,180 ,120 | 9,000 (13,300 | 3,180 | 1,090 | 3,320
3,180 ,410 1 9,290 | 1,580 | 2,530 | 1,000 | 1,010
3,180 |. ,320 | 8,420 | 5,630 | 1,750 { 2,120 | 1,010
2,740 7,560 | 8,130 | 3,870 | 3,000 [ 1,010
1,750 |. 17,700 {17,000 | 5,370 | 3,870 | 1,010
1,750 |. 15,600 {19,100 (13,900 | 3,180 | 1,010
1,430 14,900 {13,600 | 6,000 | 2,960 | 1,010
1,430 12,300 {17,000 | 5,630 | 2,960 | 1,010
1,300 11,100 (13,500 { 5,370 (14,600 { 1,010
1, . 8,710 (10,800 | 6,440 | 1,750 | 1,010
1, 7,560 | 7,560 | 6,440 | 1,010 | 1,
1, 5,900 [10,500 | 6,440 | 1,300 | 1,750
....... 17,000 | 4,850 | 6,440 } 1,010 | 1,750

3,410 | 3,410 | 5,110 | 1,090 [ 2,120
4,600 [13,300 | 5,630 | 2740 | 3,640
4,350 | 5,000 | 6,170 } 1,090 | 12,000
3,870 | 4,850 [ 6,440 { 1,090 | 15,900
..................... 17,000 | 5,370 | 4, 1,190 | 15,200
1,010 | 7,560 | 4,600 | 1,300 | 12,300
1,750 | 5,630 [ 9,290 | 1,190 [ 9,
2,530 | 4,350 | 1,010 | 1,190 | 5,110
3,180 15,600 | 2,320 | 1,010 | 5,110
2,320 | 2,530 | 3,180 620} 5,110
3,410 |....... 2,740 570 |.uunnns

9,290 | 4,850 | 2,740 | 5,370
13,900 (12,300 | 2,800 | 2,960
16,300 | 3,870 | 9,580 | 2,530
13,300 | 4,350 | 4,350 | 2,120
10,800 | 3,180 | 3,870 | 3,870
13,000 | 3,180 | 5,630 | 3,200
12,300 | 2,530 | 5,900 | 2,530
9,000 | 3,870 | 4,110 | 3,180
7,000 | 5,110 | 2,700 | 1,750
9,870 | 5,110 { 1,300 860
9,870 111,400 [ 1,300 | 1,300
9,870 | 3,180 | 1,300 | 1,750
16,300 | 3,410 | 1,300 | 2,360
8,420 | 2,530 | 860 [ 2,960
7,560 | 2,530 | 2,530 | 2,530
6,440 | 3,410 | 2,140 | 2,120
7,560 | 3,180 | 1,750 | 2,320
9,870 | 4,850 | 1,750 | 2,320
10,500 | 3,180 | 1,840 | 4,350
14,600 | 3,640 | 1,930 | 2,300
4,850 | 2,740 ( 1,930 | 2,120
4,350 | 2,740 | 2,120 [ 1,750
4,850 | 3,180 | 2,120 | 1,750
....... 2,740 ' 2,120 '.......
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UPPER MISSISSIPPI RIVER DRAINAGE BASIN. 131

Daily discharge, in secondfeet, of Chippewa River at Chippewa Falls, Wis., for the years
ending Sept. 30, 1888-1899—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
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Daily discharge, in second-feet, of Chippewa River at Chippewa Falls,
ending Sept. 30, 1910-1913.

SURFACE WATER SUPPLY, 1913, PART V.

Wis., for the years

Oct.

Nov.

Jan.

Feb.

Mar.

Apr.

May.

June.




UPPER MISSISSIPPI RIVER DRAINAGE BASIN, 133

Daily discharge, in second-feet, gf Chippewa River at Chippewa Falls, Wis., for the years
ending Sept. 30, 1910-1915—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. [ June. | July. | Aug. | Sept.

PINOND BIRO RO GRS

LA
EEEEE SREEE BEE

DO 00

g8

g

NorEe.—Daily discharge computed from a rating curve fairly. well defined above 1,930 second-feet ggage
height 0.9 foot). Below 1,930 second-feet the rating curve is simply an extension and estimates of dis-
e below this value should therefore be used with extreme caution, See *“Gage,” in station description.
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Monthly discharge of Chippewa River at Chippewa Falls, Wis., for the years ending Sept.
30, 1888-1918.

Discharge in second-feet.
. Month. ;*;é‘;f‘
Maximum. | Minimum. | Mean.
24 2,960 6,
15,900 3,640 8,
5,110 2,740 3,
4,850 1,750 3,240 |._....
18, 400 3,180 1580 |-
22, 800 3,870 11,300 |......
19, 800 2,120 ,500 |, ...
17,000 1,430 4,730 |......
13,000 1,090 2,580 |......
17,000 1,300 2,740 |......
2,120 860 1,380 |......
27,200 5,630 15,400 |......
21,600 1,300 ,630 .. ..
19, 800 1,580 10,500 |......
13,300 1,580 4,320 [......
August. .. 14,600 1,750 5,750 |- ...
September. . cocueieiriiiiiiiiiiiieianaanann 14,600 1,930 6,800 I......
October. .. 20,200 1,750
November 5,110 1,580
April 13-30 7,200 7,840
Ma, 17,700 2,000
14, 600 1,300
12,300 860
3,870 860
5,110 670
13,900 730
2,000 1,010
20, 500 1,300
35,800 1,010
28, 800 7,560
19,100 1,010
14,900
2,740 1,010
1,300 860
1,000 1,010
27,600 6,440
38,200 10,800
16,600 0
15,900 930
3,180 1,010
1,190 9
19,800 860
, 400 5,510
32,700 4,850
47,300 7,280
18,400 860
2,530 860
1,750 860
1,190 860
3,180 860
3,180 1,090
, 800 1,010
17,700 1,010
19,100 8
, 900 1,010
14,600 570
15,900 570
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Monthly discharge of Chippewa River at Chippewa Falls, Wis., for the years ending Sept.
30, 1888-1918—Continued.

Discharge in second-feet.
Month. . vy
Maximum. | Minimum. | Mean.
OCHODBE . . .. ettt 12,300
November 1-19 1,010
April13-30. ... 39,000
M: 23,500
................................ 16,300
................................ 13,600
.............................. 9,580
5,370
5,630 1,300
10,200 4,350
, 500 24,600
60,100 10,800
22,000 3,180
26, 5,630
20, 1,750
13,600 1,300
16,300 1,090
17,300 1,750 | 3,810 |......
2,530 2,120 .
14, 600 4,350 .
19,100 3,180 .
17,700 2,530 .
13,900 1,010 .
5,900 1,300 .
2,120 1,300 | © 860 |......
3,180 1,580
2,120 1,750
, 200 5,110
27,200 3,870
20,400 3,870
15,500 570
18,400 1,660
10,600 1,800
20, 800 1,300
5,950 2,560
40,400 4,690
17,500 2,560
10,700 1,660
23,300 2,120
29,800 3,110
44,800 5,510
45,500 4,280
31,300 4,830
, 800 7,950
21,300 5,510
17,300 3,110
16,600 2,030
15,000 1,700
18,400 2,
6,850 2,030
16,600 1,300
5,510 2,030
8,060 3,
23, 300 2,030
17,000 3,870
, 300 2,000
15,000 1,700
8,420 1,540
8,780 1,700
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Monthly discharge of Chippewa River at Chippewa Falls, Wis., for the years ending Sept.
30, 1888-1913—Continued.

Discharge in second-feet.
Month. lr\acgyu-
Maximum. | Minimum. [ Mean.
1,700 2,520 |......
4,000 9,890
2,030 2,730 |.
8,300 { 17,100 |-
6,630 | 10, .
13,700 22,700 |.
1,300 7,050 |.
;030 | 12,400 |.
3,000 6,900 |.
4,280 16,400 |......
4,280
2,560
8,540
6,850
4,280
3,000
1,300
1,300
39,600 3,110
13,900 2,560
30,200 4,280
25,400 2,450
26,600 , 760
64,400 4,760
27,000 3,110
8,600 2,450
22,300 3,340
14,700 2,560
;160 3,680
5,510 4,280
38,500 10,300
, 000 3,110
24,100 2,000
13, 000 1,700
16, 800 1,870
19,400 5,700
1906-07.
5,780 |......
7,050 |......
15,200 | A.
13,900 | A.
11,400 | A.
6,280 | A.
3,970 | A.
2,230 | A,
8,220 | A,
3,240 | A,
2,630 | A.
1,600 | C.
1,360 | C.
1,300 | C.
1,950 | B.
12,300 | A.
15,700 | A.
8,880 | A.
3,670 1 A.
2,730 | A.
1,990 | A,
4,780
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Monthly discharge of Chippewa River at Chippewa Falls, Wis., for the years ending Sept.
30, 1888-1913—Continued.

Discharge in second-feet.
Month. f‘a%(;l
Maximum. | Minimum. | Mean.
A,
A.
D.
C.
C.
C.
B.
A,
A,
A.
A,
A,
A,
A,
B.
C.
D.
C.
B.
A.
B.
D.
C.
B.
B.
C.
C.
D,
D,
C.
B.
B.
B.
C.
OCtObRE. . ..ot 33,400 2,220 12,000 | B.
November 1-16. . . . ...ttt aaraeaaa 4,350 2,220 2,450 | B.
PN < | S 22,400 4,850 13,100 | A.
28, 800 6,170 | 14,700 | A.
10,800 2,120 5,030 | B.
12,300 1,580 3,090 | B.
35, 000 11,400 18,800 | A.
19,100 5,110 9,850 | A.
9,870 2,120 5,380 | B.
, 400 1,500 8,460 | A.
7,840 2,120 3,950 | B.
5,630 1,840 3,170 | B.

NotE.—Monthly discharge values for the years ending Sept. 30, 1899-1909 differ from those previously
g}lblishad in the United States Geological Survey Water Supply Papers on account of revising the daily
ischarge estimates for stages below.gage height 0.8 foot.
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RED CEDAR RIVER AT CEDAR FALLS, WIS.

Location.—At a highway bridge in the vicinity of Cedar Falls, Wis., immediately
below the power plant of the Chippewa Valley Railway, Light & Power Co., 4}
miles above the crossing of the Chicago, St. Paul, Minneapolis & Omaha Railway.

Records available.—April 1, 1909, to September 30, 1913.

Drainage area.—Not measured.

Gage.—Staff gage fastened to bridge pier; read morning and evening to tenths.

Channel and control.—Heayy gravel and probably permanent.

Discharge measurements.—None have been made at this station.

Winter flow.—Practically no ice forms in the vicinity of the gage, owing to high
temperature of the water coming from the reservoir.

Regulation.—Daily fluctuations caused by operation of the power plant above the
gage. )

Cooperation.—All gage heights furnished by the Chippewa Valley Railway, Light
& Power Co.

Daily gage height, in fect, of Red Cedar River at Cedar Falls, Wis., for the year ending
' Sept. 30, 1913.

[Frank Wilkinson, observer.}

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.6 23| 2.2 2.6| 2.6 2.5 5.5 2.9 2.8 2.3 2.55 2.4
2.6 2.3| 2.2 2.5 2.0 2.0 5.55 | 2.9 2.9 2.0 2.5 2.4
2.6 2.4 2.3 2.6 2.6 2.5 5.6 3.0 2.8 2.0 2.3 2.4
2.6 24| 2.3 2.5 g 6 2.6 5.7 | 2.5 2.8 1.45 | 2.4 2.6
2.6 2.5 2.4 2.0 .5 2.5 5.551 2.8 2.8 2.1 2.4 2.6
2.5 2.6 2.3 2.4 2.5 2.5 4.8 2.8 2.7} 40 2.45 2.5
2.5 2.5 2.2 2.4 2.4 2.45| 435} 2.8 2.7 4.2 2.4 2.4
2.5 2.5 2.2 2.5{( 245 25 4151 2.7 ] 2.66| 3.9 2.4 2.4
2.5 251 2.4 2.5 1.6 2.0 3.8 | 2.7 2.6 3.55 | 2.4 2.4
2.5 25| 2.3 24| 2.5 2.8 3.3 2.7 2.6 3.2 2.3 2.4
2.5 2.5 1 2,35 2.3 2.4 2.551 3.6 2.0 2.5 3.0 2.4 -2.4
2.7 2.6 2.4 2.1 245} 3.35| 3.7 2.3 2.5 3.2 2.4 2.5
2.8 2.4} 2.4 2.3 2451 3.8 3.5 2.4 2.5 2.6 2.3 2.4
2.9 2.5 2.4 2.3| 245 | 4.4 3.5 2.5 2.5 2.9 2.4 2.1
2.8 2.5 a.6 2.4 2.5 4,4 3.5 2.7 | 2.6 3.0 2.4 2.4
2.8 2.5 | 2.4 2.4 1.6 3.95| 3.5 2.95( 2.7 3.0 2.4 2.35
27 2.4 2.4 2.4 2.4 3.8 3.5 3.0 2.7 3.1 2.3 2.4
2.6 2.4] 2.4 2.3] 2.4 3.3 3.5 | 3.3 2.6 | 3.1 2.4 2.4
2.6 2.41 2.3 2.3| 2.45| 3.256| 3.5 3.45 | 2.6 3.1 2.4 2.4
2.6 2.4} 2.4 2.4] 245 4.05| 3.35| 3.6 2.6 2.7 2.4 2.4
2.5 2.41 2.5 2.4 2.4 4.1 3.3 4.0 2.6 2.65 | 2.4 2.4
2.4 2.4 24 23| 25 3.9 3.3 405 225 2.6 2.5 2.4
2.4 2.41 2.4 2.4 L8 4.15| 3.3 4.0 2.65] 2.6 2.45 2.4
2.3 231 2.5 2.4 2.3 4.4 3.3 3.8 2.6 2.6 2.25 2.5
2.3 2.31 2.5 2.4 2.45| 4.4 3.2 3.45 | 2.6 2.6 2.4 2.5
2.3 23| 2.6 2.0 24 4.15] 3.2 | 3.35| 26 | 2.6 2.4 2.6
2.3 221 25 2.4 245 4.1 2.8 3.3 2.6 2.4 2.4 2.5
2.3 2.2} 2.5 2.5 | 2.4 3.9 3.1 3.25| 2.6 2.6 2.4 2.3
2.3 2.2 el 6 2.6 |.......] 4.2 3.1 3.2 2.4 2.9 2.4 2.4
2.3 2.3 2.5 2.5 |. 5.1 3.0 3.1 2.6 2.651 2.4 2.4
2.3 ... 25 |, 24 eeii]eenaens 3.0 |oee.... 2551 24 |.......

e Turbines in power house above the station shut down.
Note.—Discharge relation probably not affected by ice during the year ending Sept. 30, 1913.

RED OEDAR RIVER AT MENOMINEE, WIS.

Location.—About 900 feet below the power house of the Wisconsin & Minnesota
Light & Power Co., about 13 miles above confluence of Red Cedar and Chippewa
rivers. Wilson Creek discharges from the right into service reservoir just above
station.

Records available.—June 16, 1907, to September 5, 1908; May 9 to September 30,
1913.
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Drainage area.—1,810 square miles.

Gage.—Barrett & Lawrence recording gage installed May 9, 1913, over wooden intake
and well on the right bank of the river about 1 mile above highway bridge located
about 200 rods west of the Chicago & Northwestern Railway station west of Me-
nominee. Gage used from June 16, 1907, to September 5, 1908, was attached to
this bridge. No determined relation between datums of the gages.

Channel and control.—Heavy gravel and rock; practically permanent.

Discharge measurements.—Made from highway bridge to which old gage was
fastened.

Winter flow.—Discharge relation not affected by ice, as the relatively high tempera-
ture of the water coming from the service reservoir immediately above the gage
prevents ice from forming on the control section below.

Regulation.—Flow controlled by dams at Menominee and at Cedar Falls, also by
natural storage in the headwaters. Operation of the power plants of the Chippewa
Valley Railway, Light & Power Co., at Menominee and Cedar Falls and of smaller
plants on the tributaries to Red Cedar River above Menominee causes considerable
diurnal fluctuation in stage.

Accuracy.—Records excellent, as rating curve has been carefully developed and the
recording gage enables the mean stage to be accurately determined.

Cooperation.—Recording gage installed and gage heights furnished by Wisconsin &
Minnesota Light & Power Co. Discharge measurements and computations made
by United States Geological Survey in cooperation with Railroad Commission of
Wisconsin.

Discharge ineasurements of Red Cedar River at Menominee, Wis., during the year ending
Sept. 30, 19183.

aGage | Dis- aGage | Dis-
Date. Made by— height. | charge. Date. Made by— heighit. | charge
. Feet. | Sect. Feet. | Sec.t.
Mar. 18 | W. G. Hoyt. 2.22 667 || Mar. 20 | 8. B. Soulé............. 3.80 | 3,070
18 |..... do...... 2.52 1,060 || May 7 {-.... o [ T 2.78 1,410
20 { 8. B. Soulé....c.e...... 3.42 2,350

a Hook gage located at the recording gage.

Daily gage height, in feet, of Red Cedar River at Menominee, Wis., for the year ending
Sept. 30, 1918.

[B. & L. recording gage.]

Day. | May. | June. | July. | Aug. | Sept. Day. { May. | June. | July. | Aug. | Sept.
2.88 2.51 2.56 2.25 2.80 2.60 2.90 2.50 2.51
2.83 2.44 2.49 2.45 2.74 2.64 2.92 2.43 2.46
2.77 2.34 2.23 2.48 3.15 2.52 2.88 2.30 2.37
2.52 2.26 2.35 2.43 3.34 2,41 2,83 2,35 2.44
2.44 2.73 2.33 2.49 3.46 2.40 2.54 2.36 2.42
2.53 3.92 2.36 2.54 3.29 2.43 2.69 2.49 2.28
2.52 3.90 2.37 2.30 3.82 2.12 2.57 2.49 2.49
2.45 3.77 2.42 2.46 3.36 2.34 2.53 2.54 2.48
2.67 3.48 2.47 2.46 3.36 2.50 2.57 2.29 2.45
2.53 3.05 2.20 2.47 3.20 2.50 2,61 2.55 2.41
2.41 2.91 2.42 2.39 3.19 2.44 2.56 2.58 2.56
2.36 2.88 2.42 2.30 3.09 2.38 2.27 2.56 2.52
2.40 2.48 2.31 2.56 3.02 2.54 2.48 2.53 2.12
2.39 2.85 2.42 2.27 2.87 2.49 2.58 2.47 2.46
2.10 2.93 2.52 2,44 3.07 2.46 2.51 2.44 2.42

3.2 |.......s 2,73 2,13 |eeeeaa..
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Daily discharge, in second-feet, of Red Cedar River at Menominee, Wis., for the year ending
Sept. 30, 1913.

-
Day. | May. | Junme. | July. | Aug. | Sept. || Day. | May. | June. | July. | Aug. | Sept.
710 1,580 | 1,020 1,030

955 1,610 929 988

994 1,550 772 854

929 1,480 830 942

1,010 1,070 842 916

1,070 1,280 | 1,010 746

770 1,110 | 1.010 1,010

968 1,060 | 1,070 994

968 1,110 758 952

981 1,160 | 1,080 903

878 1,100 | 1,120 | 1,120

770 734 1 1,100 1,050

1,120 994 | 1,060 554

734 1,120 991 968

942 1,030 942 916

1,330 566 |........

NoTe.—Daily discharge computed from a rating curve well defined between 530 and 7,730 second-feet
(gage heights 2.1 to0 5.7 feet).

Monthly discharge of Red Cedar River at Menomonie, Wis., for the year ending
Sept. 30, 1913.

fDrainage area, 1,810 square miles.}

Discharge iu second-feet. Run-off
{depth in
Month. Per | incheson [ACCU-
Maximum, | Minimum, | Mean. | square | drainage |™¢Y-
mile. area).
3,110 554 1,710 0.945 0.81| A.
1,550 530 1,010 .558 .62 | A,
3,300 720 1,460 .807 .93 | A.
1,120 566 915 . 506 .58 | A.
1,120 554 925 .511 57 | AL

ZUMBRO RIVER AT ZUMBRO FALLS, MINN.

Location.—At the highway bridge at Zumbro Falls, about 8 miles below mouth of
South Branch.

Records available.—June 8, 1909, to September 30, 1913.

Drainage area.—1,120 square miles.

Gage.—Chain gage attached to bridge; read twice daily to hundredths. Limits of
use: Hundredths below 5.0, half-tenths from 5.0 to 6.5, and tenths above 6.5 feet.

Channel and control.—Slightly shifting.

Discharge measurements.—Made from bridge.

Winter flow.—For a short time during and following an extremely cold period, ice
forming below the gage causes backwater. The river is fed, however, by springs
in the vicinity of the gage and the warmer water gradually wears away the ice.
Gage isread daily during the winter and close inspection of gage heights and temper-
ature records furnish basis for necessary corrections to estimates of daily discharge.

Maximum flow.—The high water of June, 1908, is marked by a spike in a telegraph
pole near the railroad station at Zumbro Falls. This spike is 26.7 feet above the
datum of the gage. The high water of April, 1888, reached a stage of approxi-
mately 29.7, as shown by a mark not so well defined as that of the flood of 1908.

Regulation.—The effect of slight artificial regulation at the small power plants above
Zumbro Falls is not observable at the gage.

Discharge measurements of Zumbro River at Zumbro Falls, Minn., during the year ending
Sept. 80, 1913.

Date. Made by— hgiz%%. chl,;;sg‘e. Date. Made by— h(jig %‘ c]:lei;e.
Feet. | Sec.ft. Feet. | Sec.ft.

Feb. 7 4.86 2124 || June 26 | Hoyt & Peterson.......| 10.10 { 82,930

Apr. 1 6.12 586 || Sept. 26 | 8. B. Soulé............. 5.01 199

1 6.12 576 26 1..... A0.eiaieaiiiainnan 5.01 195

e About one-fourth ice cover at gage; very littleice at control. & Measurement made by surface method.
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Daily gage height, in feet, of Zumbro River at Zumbro Falls, Minn., for the year ending
Sept. 30, 1913.

[A. H. Sugg, observer.)

Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.{-July. [-Aug.-{ Sept.

4.98| 5.0 4901 5.0 4.90| 6.2 5.2 5.3 5.75 | 5.25 # 88
4,98 4.99 4.90( 4.90|....... 6.9 5.2 5.3 56 [ 515 4.90
4.9 50 4.8} 4.90| 4.8 | 7.5 5251 5.2 5.5 5.1 4.92
4.90 | 4.99 4.8 ] 490| 4.8 | 6.9 5.3 5.2 5.75| 5.05 4.91
4.94 | 4.99 4.80 | 490 4.89| 6.4 5.35| 5.2 6.2 5.0 4.86
4921 4.9 4.80| 4.90| 490 6.05{ 535| 515| 6.6 4.99 | 4.8
4.80 | 4.99 4.851 490 | 4.89| 58| 53 5.15| 6.15| 5.0 4.80
4.95| 4.96 4.90| 4.90| 4.92| 5.75| 525| 5.1 5.8 4,98 4.80
4.80| 4.99).......] 490 49| 7.8 5.7 5.2 50 | 5.6 | 50 4.85
4.94| 4.98) 6.05| 4.85} 4.90| 112 5.7 52 | 50 5.5 5.05 4.85
4.96| 4.98 5.9 4.8 | 5.0 |11.0 5.75| 5.15| 4.96| 5.5 5.4 4.92
505) 50 jo--.... 4.85| 5.0 9.5 6.2 5.15| 4.98t 555 5.35 4.84
5.2 5.15] 5.4 4.8 ] 4.8 ) 82 6.5 5.2 5. 5.6 5.3 4.85
5.2 5.35 1 5.2 4.85 | 4.80{10.6 6.3 5.2 496 5.65| 52 4.85
52 | 5.4 5.05 4.8 | 4.90| 8.7 6.0 5.5 4.88| 5.8 5.1 4.79
515 5.25| 5.0 4.8 | 4.90{ 7.5 | 5.8 5.9 4.81| 5.5 5.05 4.78
5.1 5.2 50 4.90| 4.90| 6.4 | 57 6.3 4.82| 5.4 5.0 4.80
5.1 5151 4.99| 4.90| 5.1 6.2 | 5.6 6.6 | 4.81| 535 4.98 4.81
5.1 5.2 5.0 490} 5.45| 6.9 5.55 | 6.45| 4.80| 5.3 5.0 5.0

505} 5.1 496 | 4.95( 52 6.8 5.45| 6.25| 50 | 5.2 | 50 5.0

5.061 5.1 4,75 | 490 5.1 6.2 5.45| 6.5 4.96| 5.2 5.4 4.90
505 | 5.1 4,751 4.90| 4.8 | 5.7 5.5 6.6 4.95] 5.2 5.05 4,84
505 5.1 4.86 | 4.90| 4.8 | 59 5.4 6.4 4.94 | 5. 5.0 4.86
5.0 505 4.95] 4.90 1 4.90|12.4 5.4 6.1 5.1 5151 5.0 4.94
50 | 5.0 | 50 | 490} 50 [10.4 5.4 5.9 9.7 | 51 4.99( 5.0

50 | 50 4.9 | 490} 50 8.0 5.4 5.8 9.7 | 5.1 4.98 4.98
5.05| 5.0 4,92 490 4.95( 6.8 5.3 5.7 7.9 5.0 4.99 4,98
5.0 | 5.05| 491} 490 4.90| 6.5 5.35 | 5.7 7.0 5.0 4.96 4.94
50 | 50 4951 4.9 6.6 5.3 56 | 6.3 5.6 4901 4.94
5.0 4,98 4.8 | 4.95 6.5 5.25| 5.5 5.8 5.7 4.95 4,92
5.0 feeeeea.| 499] 5.1 |....... [ J P, 54 [....... 5.5 4.90 }.......

MNO;E.—Discharge relation probably affected by ice about Dec. 4-15, Jan. 7 to Feb. 14, and Feb. 23 to
ar. 8.

Daily discharge, in second-feet, of Zumbro River at Zumbro Falls, Minn., for the year
ending Sept. 30, 1913.

Dec. [ Jan, | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

210 164 |ooooiifeeaian 612 246 276 433 261 169

308 [-...... 342 172 | ...

Nore.—Daily discharge Oct. 1 to Dec. 31 computed from a fairly well defined rating curve. Daily dis-
charge Mar. 9 to Sept. 30 computed from a rating curve well defined between 156 and 3,610 second-feet (zage
haights 4.8 and 11.0 feet). Discharge estimated, because of ice, from gage heights, observer’s notes, dis-

charge measurements, and climatic records as follows: Dec. 4-15, /185 second- foot; Jan. 7-31, 140 second- -feet;
Feb. 1—14, 127 second-ieet, Feb. 23-28, 136 second-feet; and Mar. 1-8, 160 seco: i-feet.
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Monthly discharge of Zumbro River at Zumbro Falls, Minn., for the years ending Sept.
30, 1912-13.

[Drainage area, 1,120 square miles.]

. Discharge in second-feet. (gu “&??n
ep .
Month. Per | Dcheson ‘}:gu
e drainage y.
Maximum, | Minimum. | Mean. sqt};a,re area)
mile. ‘
1,500 1.34 1.54 | B.
.312 . A.
573 .512 .59 | B.
245 219 . C.
242 216 23 | B.
993 .887 1.02 | A,
1,200 1.07 119 A,
846 755 871 A,
204 .262 B A.
303 .27 31 AL
241 215 . A,
198 177 . A.
585 .522 7.09
195 174 .20 | A,
204 .182 .20 | Al
183 .163 .19 | B,
143 .128 .16 | C.
149 .133 J4 ) C.
1,240 111 1,28 | B,
7 . 435 .49 | A,
414 .370 431 A
456 407 .45 | B.
356 .318 37| A
212 .189 22 | A.
170 .152 17 | A.
353 .315 4.29

Notk.—Estimates of “Discharge in second-feet per square mile” and “Run-off (depth in inches)” for
1912 supersede those published m Water-Supply Pager 325, which were computed from an erroneous
value of the drainage area. Estimates for October, ovemf)er, and December, 1911, are republished to
complete the data for the climatic year.

SOUTH BRANCH OF ‘ZUMBRO RIVER NEAR ZUMBRO FALLS, MINN.

Location.—In sec. 22, T. 109 N., R. 14 W., at the Woodville Bridge, 1} miles above
motth of river, 6 miles below mouth of Middle Branch.

Records available.—June 16, 1911, to September 30, 1913.

Drainage area.—821 square miles.

Gage.—Chain gage attached to bridge; read morning and evening to quarter-tenths
Limits of use: Hundredths below 2.5, half-tenths from 2.5 to 3.5, and tenths above
3.5 feet.

Channel and control.—Well-defined riffie a short distance below gage; channel
practically permanent.

Discharge measurements.—Made from highway bridge.

Winter flow.—River freezes over in vicinity of gage, but rapids below remain partly
open, so that backwater effect is small. Discharge measurements are made to
aid in making estimates for the winter period.

Regulation.—Flow at gage not noticeably affected by operation of small power plants
above. . .
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Date.

Mar,

Dis-

[W. M. Whipple, observer.]

Jan, | Feb.

Ga;
heigiat. charge.

Jor the year ending Sept. 30, 1913.
Dec.

& Almost completely frozen over at control.
b Velocity determined by surface method.

uring the year ending Sept. 30

Nov.

28288 |

NP P I

UPPER MISSISSIPPI RIVER DRAINAGE BASIN,

Made by—
Oct.

&282228

o od mi i

W.G.Hoyteeeveunenn..

2
Day.

Date.

Daily gage height, in feet, of South Branch of Zumbro River near Zumbro Falls, Minn.,

Discharge measurements (:{ South Branch of Zumbro R

Feb. 6| 8.B.8Soulk............

Apr.

(3
v
.

0
.

.
.

Weoenaenn.

Note.—Discharge relation probably affected by ice about Jan. 9 to Mar. 9.
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Daily discharge, in second-feet, of South Branch of Zumbro River near Zumbro Falls
Minn., for the year ending Sept. 30, 1913,

Day. Oct. | Nov. | Dec, | Jan, | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

209 358 274 100 112
239

NomE.—Dischar(fe interpolated for days when gage was not read. Daily discharge computed from a
rating curve well defined between 62 and 3,890 second-feet (gage heights 1.8 and 7.5 feet). Above discharge
of 3,890 second-feet (gage height 7.5 feet) the rating curve is an extension and is subject to an error of about
10 per cent at a discharge of 6,492 second-feet (gage height 10 feet). Discharge estimated, because of ice
from gage heights, observer’s notes, discharge measurements, climatic records, and discharge of adjacen:
draiuage areas, as follows: Jan. 9-31, 80 second-feet; Feb. 1-28, 90 second-feet; and Mar. 1-9, 500 second-feet.

Monthly discharge of South Branch of Zumbro River near Zumbro Falls, Minn., for the
year ending Sept. 30, 1913.

[Drainage area, 821 square miles,]

. : A-foot.
Discharge i second-feet. (dR“nti;’ ?ﬁ
€]
Month. inches on [ACCU-
Mo Min " Per | Gramage |T0CYe
aximum, | Minimum, ean. S%lilﬁl:e area),
October. ... ...co.oooeiail 180 96 120 0.146 0.17 | B.
November. ...covmicieieimimmai s 180 96 120 .146 .16 | B,
DeCember. .. .ooveiiii i 145 66 104 .127 15| C.
January . . oo eeiieieec e 79.5 . A1) C.
05 03 gBE:Y o ORI IO PO, L110 L[ C.
March. .. .omoi i 4,500 [ceennnna.ns 1,030 1.25 1.4 |C.
April. .l 148 276 . 336 37| AL
A e asescmnnmnaraneeaaie e 528 135 267 .326 . A.
June. ..o 2,580 93 432 T .48 | B.
Ty . i 595 122 240 .202 34| AL
Augost. ..o 239 138 .168 .19 ] B.
September. .. ..o ieiii i 128 87 106 .129 14| C.
The year.....oeoeoiioiiaiaa.. 0 246 300 4.03
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ROOT RIVER NEAR HOUSTON, MINN.

Location.—In sec. 84, T. 104 N., R. 6 W., at highway bridge 1 mile east of Houston
and 1 mile above mouth of South Root River, which is ordinarily a relatively
insignificant stream, but during heavy rains floods considerable area.

Records available.—May 28, 1909, to September 30, 1913.

Drainage area.—1,560 square miles.

Gage.—Vertical staff, read moming and evening to quarter-tenths. Limits of use:
Half-tenths below and tenths above 1.5 feet.

Channel and control.—No well-defined control; channel is shifting, scouring out
during floods and gradually filling in afterwards; nearly permanent at low stages.

Discharge measurements.—Made from bridge.

Winter flow.—Gage readings discontinued during ice period of 1913; flow estimated
from that of North Branch Root near Lanesboro, there being a well-defined open-
water relation between these stations.

Regulation.—No dam below station; nearest dam above is at Rushford. As the
flow is ample at all times for the power generated at that point it is not held back
during certain parts of the day, and thus the dam has no influence on the gage
heights at Houston.

Accuracy.—Estimates of discharge for flood stages above 8.9 feet in 1911, as published
in Water-Supply Paper 305, are too low on account of an erroneous extension of the
rating curve above 8.9 feet. The high-water section of the rating curve, based on
discharge measurements made June 28 and 29, 1914, at gage heights 9.80 and 6.98 feet,
gives the same discharge as the rating curve used for 1911 at about gage height 8.9
feet. At gage height 10.0 feet the new curve gives a discharge about 44 per cent
larger than that given by the rating curve for 1911. Maximum gage height, 10.8
feet, occurred on August 14, 1911, discharge about 15,200 second-feet. Because
of shifting channel the results can not be considered better than fair.

Discharge measurements of Root River near Houston, Minn., during the year ending

Sept. 30, 1913. -
Gage Dis- Gage | Dis-
Date. Made by— height. | charge, || DPate Made by— hei?;‘ilt. charge.
"’ Feet. | Sec.ft. Feet. | Secfi.
Mar. 31 | S. B, Soulé............ 3.28 1,050 || Sept. 24 | B. J. Petersonl....cca... 1.20 296
June 28 |..... L (SR 1.88 552

91388°—wsp 3556—15——10
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Daily gage height, in feet, of Root River near Houston, Minn., for the year ending
Sept. 30, 1913.

[Olaf Larson, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. ; Aug. | Sept.
1.4 1.4 1.4 ..., 3.0 1.4 1.7 1.4 1.8 1.2
1.4 1.4 1.7 |. 2.8 1.4 1.6 1.3 1.7 1.3
1.3 1.4 1.5 . 3.0 1.4 15 1.3 1.6 1.3
1.3 1.4 1.5 . 3.2 1.6 1.5 4.1 1.5 1.3
1.3 1.4 L5 2.9 1.5 1.4 3.7 1.4 1.3
1.3 1.4 1.6 |. 2.6 1.5 1.4 2.4 1.4 1.2
1.3 1.4 1.3 1. 2.5 1.4 1.4 1.9 1.3 1.2
1.3 1.4 1.4 |. 2.4 1.4 1.4 1.7 1.3 1.2
1.3 1.4 2.8 . 2.2 1.4 1.4 1.5 1.5 1.2
1.3 ) R 3 PO PR, 2.3 1.4 1.3 1.4 2.6 1.2
1.3 1.4 2.3 1.4 1.3 1.6 2.1 1.2
1.8 1.4 2.5 1.4 1.3 2.1 2.0 1,2
1.9 1.6 2.7 1.3 1.2 2.0 1.7 1.2
1.8 1.5 2.5 1.5 1.2 3.4 1.6 1.3
1.7 1.6 2.4 1.7 1.3 2.9 1.5 1.2
1.6 1.6 2.2 1.7 1.2 2.0 1.5 1.2
1.5 1.5 2.1 2.0 1.2 1.7 1.5 1.2
1.5 1.4 2.0 2.3 1.2 1.6 1.4 1.2
1.4 1.4 1.9 2.2 1.2 1.6 1.4 1.2
1.5 1.4 1.8 2.4 1.7 1.5 1.4 1.6
1.5 b N SRR SRR (R IR 1.8 2.7 1.6 1.4 1.6 1.3
1.5 1.5 . 3.6 1.8 2.6 1.4 1.4 1.4 1.2
1.4 1.4 . 3.1 1.7 2.5 1.3 1.4 1.3 1.2
1.4 1.4 . 8.8 1.7 2.4 1.3 1.4 1.4 1.2
1.4 1.4 . 9.0 1.6 2.2 2.1 1.3 1.3 1.4
1.4 1.4 | 53 1.6 2.1 1.4 1.3 1.3 1.4
1.4 1.4 . 4.1 1.6 2.1 1.5 1.4 1.3 1.4
1.4 1.2 4 3.4 1.5 2.1 1.9 1.3 1.3 1.3
1.4 1.3 . 3.8 1.5 1.9 1.7 2.5 1.2 1.2
1.4 1.3 . 3.7 1.5 1.8 1.5 3.4 1.2 1.4
) U PR RN R PO, L2 3 PO L7 ). 2.2 1.3 |eeeunes

Nore.—Discharge relation affected by ice about Dec. 9, 1912, to Mar. 22, 1913.

Daily discharge, in second-feet, of Root River near Houston, Minn., for the year ending
Sept. 30, 1913.

Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

405| 4s2| 405{ 07| 301
405] 456| 380 471] 325
45| 430] 380| 4] 325
456 | 430)1,400| 410! 32
30| 405(1,230| 39| 322

430 405 703 379 296
405 405 537 350 296
405 405 482 350 296
405 405 430 404 294
405 380 405 91 294

405 380 456 595 292
405 380 598 557 292
380 356 566 459 290

405
405
380
380
380
380
380
380
330
380
509
537
509
482
456
430
430
405
430
430
430
405
405
405
405
405
405
405
405
405

Nore.—Daily discharge Oct. 1, 1912, to July 16, 1913, computed from a well-defined rating curve. Daily
discharge Sept. 24-30 computed from a rating curve well defined between 888 and 10,600 second-feet (gage
heights 3.0 and 10.0 feet) and fairly well defined below 843 second-feet (gage height 2.9 feet). Indirect
method used from July 17 to Sept. 23. Discharge estimated, because of ice, from climatic records and
open-water relation between flow of North Branch of Root River near Lanesboro and of Root River near

ouston, as follows: Dec. 9-31, 1912, 285 second-feet; Jan. 1-31, 240 second-feet; Feb. 1-28, 250 second-feet;
Mar. 1-10, 1480 second-feet; and Mar. 11-22, 1,930 second-feet.
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Monthly discharge of Root River near Houston, Minn., for the year ending Sept. 80, 1913.

[Drainage area, 1,560 square miles.}

Di in second-feet.
ischarge in nd-feet, g‘nﬁf ?n
€]
Month. per | Incheson "}accc}‘,l
. .. drainage *
Maximum. | Minimum, | Mean. sgﬁge area).
ar|  o.267 031 B.
408 .262 29 | B.
322 .208 24| D.
240 . 154 18| D.
. 160 17| D.
1,910 1.22 1.41] D.
.412 46 | B.
525 .337 39 ] B.
415 .266 30| B.
583 .374 43 | B.
404 .259 30} C.
304 .195 22§ B.
538 .345 4,70

NORTH BRANCH OF ROOT RIVER NEAR LANESBORO, MINN.

Location.—In sec. 6, T. 103 N., R. 9 W, in Fillmore County, at first highway bridge
1 mile above junction of North and South branches, 2 miles north of Lanesboro
and about 5 miles below a small creek that enters from the west.

Records available.—March 9, 1910, to September 30, 1913.

Drainage area.—647 square miles.

Gage.—Chain gage; read morning and evening to quarter-tenths. Limit of uses:
Hundredths below 2.5, half-tenths from 2.5 to 4.0, and tenths above 4.0 feet.
Channel and control.—Practically permanent. As there is more than 10 feet fall
between the station and the mouth of the South Branch backwater from that
stream is improbable. One thousand feet back from the right bank is an old
channel through which the river formerly flowed. At a stage of 6 feet the flow
commences through this old channel. At extreme flood stage the right bank is

overflowed for a width of one-fourth mile.

Dischargé measurements.—Made from the bridge. At extreme flood stages meas-
urements can be made from the railroad bridge ]ust above the junction with
South Branch.

Winter flow.—Determined by measurements. Discharge relation affected by ice.

Accuracy.—Information obtained since the preparation of estimates of discharge for
1912 indicates that the rating curve used for the year ending September 30, 1913,
should also have been used from May 26 to December 8, 1912. Estimates of dis-
charge as computed from the revised rating curve are about 6 per cent larger at
gage height 2 feet and about 5 per cent smaller at gage height 3 feet than those
published in Water-Supply Paper 325 for period subsequent to May 26, 1912.
Conditions at this station are favorable for accurate results; estimates should be
reliable.

Discharge measurements of North Branch of Root River near Lanesboro, Minn., during
the year ending Sept. 30, 1913.

Gage Dis- Ga; Dis-
Date. Made by— height. | charge. || Da%e Made by— height.| charge.
Feet. | Sec.-ft. Feet. | Sec.ft.

Jan. 251 S. B Sou.lé ............. 2.41 ¢93.7 || June 27 | 8. B. Soulé...ccevaunnn.. 2.57 333
Mar, 40-ec.dOeenmccnannnnnaa, 2.59 | 8.7 | Sept. 24 | B. J. Peterson........-. 1.86 93.8

Apr. 11..... do .................. 2.59 347

a Complete ice cover.
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Daily gage height, in feet, of North Branch of Root River at Lanesboro, Minn., for the
year ending Sept. 30, 1913.

IK. E. Hoium, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. { July. | Aug. | Sept.
2.08] 2.18| 218 2.24 1.72
2.08] 2.18| 2,12 | 2.19 1.80
2,10 2.15| 2.08] 2.14 1.72
2.25| 2.12| 2.32| 2.10 1.69
2,22 212 2.95| 2.04 1.70
. 2,25 212 231} 2.04 1.72
. . 2.25] 2.20| 2.18] 2.01 1.78
. 00 . 2.18| 210 2.08] 2.28 17
. 5.3 |, 2251 2.12| 2.12} 2.05| 2.15 1.71
A 5.4 2.20 ) 212 2,12 2.08] 2.41 i.88
2.02 4.1 240 2.12| 211 2,18} 2.25 1.80
2.09 4.3 2.7 2,16 | 2.11| 2.6 2.15 1.78
2.18 4.5 2950 218 | 2.02| 2.30| 2.12 1.70
2.14 9.9 2.55 | 2.22| 2.02 [¢3.3 2.10 1.72
2.15 5.8 2,451 2.28] 2.00| 2.30| 2.05 1.80
2.15 3.45) 2.38| 2.45] 2.01 | 2.22| 2.05 1.80
2.15 2.9 2.321 2.7 2.00| 2.12| 2.10 1.80
2.19 2.9 2.29| 2.8 2.01| 2.08| 2.08 1.78
2.22 5.6 2.2 2.6 2.02| 2.02| 2.08 1.85
2.35 3.8 2.22| 2.6 2.22| 2.02| 2.02 1.85
2.28 2.951 2,221 3.0 222 2027 2.02 1.82
2.22 2.5 2.19] 2.8 2,19 | 1.98 | 2.08 1.82
2.15 2.5 2.19] 2.75] 2.15| 2.02| 2.05 1.81
2.12 7.0 212 2.65| 2.20| 2.08| 2.08 1.89
2.11 5.0 2151 2.5 2.25( 2.00| 2.02 1,94
2.11 3.4 2.16 | 2.48| 2.31| 1.98( 2.02 2.00
2.09 2.85| 2,121 2.45] 2.45| 1.98| 2.02 1.98
2.05 2.7 2.08] 2.38| 2.38| 2.05| 1.96 1.9
2.05 3.1 2.08] 2.28 2.25| 2.8 1.92 1.85
2.00 2.8 2,04 2.22| 2,18} 2.5 1.92 2.15
....... 2.8 |.co..) 2000 (oo 2,30 192 |e......

o Gage height probably correct; rain on July 13.
Nore.—Discharge relation affected by ice about Dec. 9, 1912, to Mar. 10, 1913,

Daily discharge, in second-feet, of North Branch of Root River near Lanesboro, Minn.,
Jor the year ending Sept. 30, 1913.

May. | June. | July. | Aug. |Sept.

5
5
o«
5
3
2R BR3P RIS B3HAR £EIID

259 147 121 104
222 212 438 110 92
201 188 305 110 178
132 |.c..... 229 110 [-cene-e

Note.—Daily discharge from Oct. 1 to Dec. 8, 1912, differs from that published in Water-Supply Paper
325 on account of a revision of the rating curve. = See ““Accuracy’’ in station description. Daily dischar;
computed from a rating curve well defined between 79 and 4,660 second-feet (zage heights 1.8 and 7.0 feet).
Discharge estimated because of ice from gage heights, observer’s notes, discharge measurements, and
climatic records, as follows: Dec. 9-31, 120 second-feet; Jan. 1-31, 100 second-feet; Feb. 1-28, 102 second-feet;
and Mar. 1-8, 100 second-feet,
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Monthly discharge of North Branch of Root River near Lanesboro, Minn., for the years
ending Sept. 30, 1912-13.

[Drainage area, 647 square miles.)

Di o in second-feet,
lscharg sec (2 g‘mtﬁ’ Tiin
' . €
Month, Por %nc s on 1:&0;,1-
Maximum. | Minimum. | Mean. square dms;ge
mile. .

1.54 1.78 | A.
.425 .47 | AL
.709 .82 | B.
.278 .32 C.
.232 .251C.
1.27 1.46 | C.
1.38 1.54 | A
920 1.06 | B,
.357 .40 | B.
444 S1A,L
.264 .30 | A,
. 257 29 | AL

675 9.20
.257 .30 | AL
.255 28 | AL
204 24| C.
155 18 { C.
.158 .16 | C.
1.98 2.28 | C.
.399 .45 | A,
402 .46 | A,
277 W81 AL
.329 .38 1 AL
. 246 .28 | A,
.131 15| B,

. 396 5.47

Nore.—Estimates for 1912 supersede those published in Water-Supply Paper 325. *See “Accuracy”
in station description.

UPPER IOWA RIVER NEAR DECORAH, IOWA.

Location.—Athighway bridge in village of Freeport, which is 3 miles below Decorah
and about 4 miles above upper power plant of the Upper Iowa Power Co. Nearest
tributary, Trout Creek, enters from right about 1 mile above station.

Records available.—August 28 to September 30, 1913.

Drainage area.—551 square miles.

Gage.—Chain gage attached to bridge; read morning and evening to quarter-tenths,
Limits of use: Hundredths below 3.0, half-tenths from 3.0 to 4.5, and tenths
above 4.5 feet.

Channel and control.—Sand and gravel; may shift during high water.

Discharge measurements.—Made from bridge.

Regulation.—Flow regulated to some extent by operation of a number of small grist
mills above the station.

Cooperation.—Gage heights furnished by the Upper Iowa Power Co.

Data insufficient for estimates of discharge.

Discharge measurements of Upper Iowa River near Decorah, Towa, during the year ending .
Sept. 80, 1913.

Gage Dis-
Date. Made by— height. | charge.
. Feet, | Secft.
Avg. 6| W.G. Hoyi.. 2.36 |  672.8
27 | 8. B. Soulé. .. 2.34] a68

e Made by wading.
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Daily gage height, in feet, of Upper Iowa River near Decorah, ITowa, for the year ending
Sept. 30, 1913.

(Charles Savoy, observer.]

Day. Aug. Sept. Day. Aug. Sept. Day. Aug. | Sept.
... 2.20
2... 2.25
3... 2.25
4... 2,22
5 2.22
6.. 2,20
7.. 2.20
8.. 2.20
9 2.20
10 2.15
WISCONSIN RIVER NEAR RHINELANDER, WIS. N

Location.—In sec. 27, T. 36 N., R. 8 E., at highway bridge just below Rhinelander
Power Co.’s power station, 8 miles southwest of Rhinelander, Wis., and 8 miles
below mouth of Pelican River.

Records available.—December 1, 1905, to September 30, 1913.

Drainage area.—1,110 square miles.

Gage.—Standard chain gage fastened to upstream side of bridge; read once daily to
tenths. Checked by wye levels August 13, 1913, and found in error; gage heights
from November 27 to December 31, 1910 (published in Water-Supply Paper 285),
for 1911 (published in Water-Supply Paper 305), and from January 1 to September
18, 1912 (published in Water-Supply Paper 325), should be corrected by sub-
tracting 0.13 foot; all gage heights from September 19 to 30, 1912 (published in
Water-Supply Paper 325), should be corrected by adding 0.12 foot. Gage heights
subsequent to September 30, 1912, should be used as published in the following
tables.

Channel and control.—Probably permanent.

Discharge measurements.—Made from downstream side of bridge.

Winter flow.—Owing to the relatively high temperature of the water coming from
the service reservoirs, little ice forms in the vicinity of the gage.

Regulation.—Flow is regulated by the reservoirs of the Rhinelander Power Co.’s
plant near Rhinelander and the plant at Otter Rapids, and is also modified by
storage reservoirs in the headwaters operated by the Upper Wisconsin Valley
Improvement Co.

Accuracy.—Results impaired by fluctuations due to the operation of the power plants
and at times by backwater caused by grass in the stream. Records only fair.

Discharge measurements of Wisconsin River near Rhinelander, Wis., during the year ending
Sept. 30, 1918,

Gage Dis-
Date. Made by— heigxt. charge.
Feet. Sec.-ft.
Aug. 13 | B, J. PetersOn. ccuueeunuensocreacioneasaanecacaasacacecansssncnncnscnsnens 3.19 a 1,070
14 ... L T PP 3.14 a 1,010

@ Large quantity of grass in channel.
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SURFACE WATER SUPPLY, 1913, PART V.

Daily discharge, in second-feet, of Wisconsin River near Rhinelander,

ending Sept. 30, 1910-1915—Continued.

Wis., for the years

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | Juae. | July. | Aug, | Sept.
1910-11.

seeeveneeasaee| 6041 6751 4601 535( 820 675)1,400| 675 |1,100( 535]1,630| 1,520

750 820 | 604 6751,200| 604|1,300} 347 (2,100 1,300

188 | 750 535| 604-1,300|1,000(1,100 | 406 | 1,080 535

604| 188| 675| 469 604 |1,000f 675) 347| 201 1,980 675

535| 201 675| 406| 238|1,000f 750 913| 913 1,980 | 1,860

201 535 675 |1,000| 675 | 913)1,300( 675 1,980

6751 750 | 675 347 | 675(1,000| 188(1,000]|1,520|1,980 | 1,630

675 347 11,300 | 829 |1,000} 469 1,100)1,200| 1,980 1,520

460 | 7501, 750 | 347 535) 9 238 {1,860 | 1,630

675 53] 750 750 | 1,740 | 1,300 | 469 | 1,000 | 1,200 | 2,100 469

Woiieiiiainann 604! 65| 35| 604| 913|1,100|1,200| 675 201(1,300( 1,08 1,520

1200 iiianans 604 [ 675] 469 | 820 406 347|1,200| 604 | 750 |1,200|1,860| 1,740

18cceeiiaannnnn 535 | 347| 535 750 535| 750)11,300( 604 675 {1,100 | 347 1,740

S SN, 406) 604} 535] 750| 675 | 82911,200| 469 604 |1,100 2,100 1,860

150 406 675} 535 | 535 750 (1,100 |1,200|1,000| 604 1,000 1,630 1,520

160ceciieiaann 28! 6] 7 750 | 70| 70| 347 | 82| 675( 2011,630| 1,630

17 eeeananen 5351 675| 675 829 750 [ 1,200 | 820 | °535|1,400 | 1,980 406

18 meaaaannan 535 5351 675{ 913]1,000)1,200| 750{ 201]1,520|1,740] 1,740

190 ieiieaan 535| 604| 469/ 820| 469 | 201]1,630}1,100| 675] 913 ]1,740! 1,630

b R, 604 238} 604)1,100| 750 |1,000}1,200] 1,740} 604 1,400) 469} 1,630

|1 DR 604 | 535| 53511,3001,00041,100 1,300 6041 67511,100|2,2201 1,630

22 iiieanas 604 | 535] 469) 406 | "913 {1,000 ;1,630 | 1,980 | 604 | 1,200 | 2,100 | 1,520

F = IO 201( 535| 535| 913 {1,000}1,100] 750 {1,860 535 | 201 |2100( 1,520

Y SO 535| 604 347] 82011,300|1,2001,2001,740| 675 | 2,820 | 1,860 469

25, eiiiians 535 | 6041 2011,300 1,300 {1,200 | 1,200 | 2, 201 | 1,860 | 2,220 | 1,400

. S 535| 5351 535]1,100| 913f 347 ]1,100)2,220| 675 1,830 (2,220 1,520

D A 913 | 201} 829|1,000(1,000}1,520)1,400{ 820| 604|1,300{ 675| 1,630

8. teeieaaaaan 750 | 675} 913| '913]1,000 1,630 (1,300 | 604 | 750 |1,400 | 1,860 | 1,630

913 | 469 1,000 [ 750 | 1,520 | 1,860 | 1,740

535 | 188 |1,980 | 1,630

....... 2,220 | 1,080 |.......

2,220 | 1,410 | 1,630 | 1,300

1,860 | 1,300 | 1,740 | 3)070

1,630 | 1,300 | 1,860 | 3,980

1,300 | 604 | 1,200 | 3,720

1,980 | 1,400 | 1,740 | 4,110

1,740 | 1,630 | 1,980 | 4,370

1,630 | 347 | 2,460 | 3,850

1,520 | 1,400 | 3,070 | 3,070

1,200 | 1,520 | 3,850 | 3,590

1,300 | 1,630 | 4,370 | 3,330

1,400 | 1,300 | 4,890 | 3,070

1,520 | 1,400 | 4,370 | 3,070

1,630 | 1,300 | 4,370 | 3,070

1,000 [ 238 [ 4,110 | 3,070

1,100 | 1,400 | 3,850 | 1,200

535 | 1,630 | 3,980 | 2,100

1,200 | 1,520 | 8,720 | 1,860

1,200 | 1,200 | 1,200 | 1,860

1,630 | 1,300 | 3,460 | 1,630

1,100 | 1,630 | 3,070 | 1,520

1,200 | 347 [ 3,200 | 1,740

1,400 | 1,200 | 3,070 | 1,300

291 | 1,200 | 2,940 | 1,400

1,300 | 1,300 | 2,820 | 1,520

1,630 | 1,630 | 1,400 | 1,860

1,100 1,300 | 1,630 | 2,580 | 1,860

750 1,200 | 1,860 { 2,820 | 1,520

1,000 1,200 | 1,200 | 3,070 | 1,520

829 1,100 | 1,980 | 2,820 | 1,200

675 406 | 1,630 | 2,700 | 1,740

3l........ ceeean 1,620 fo......b 520 ool 1,080 L...... 1,630 L 2,820 1.......

-




UPPER MISSISSIPPI RIVER DRAINAGE BASIN. 153

Daily discharge, in second-feet, of Wisconsin River near Rhinelander, Wis., for the years
ending Sept. 30, 1910-1913—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept.
1912-13,

1,630 | 535 (1,000 750 (1,000(1,520 (2,220 {1,740 6751,630| 1,300
1,860 | 2,100 | 913 | 535 53511,200) 1,860 | 2,100{ 9613 [ 1,100 1,000
1,100 { 1,860 [ 829 (. 675 | 1,100 | 2,340 { 1,860 | 2,100 | 675 | 1,740 | 1,400
1,860 | 1,630 | 829 | 675 1,200 1,80 | 1,000 1, 406 | 1, 1,630
2,340 | 1,860 | 829 750 9 2,340 [ 1,630 | 2,100 | 829 { 913 | 1,300
2,100 | 2,100 | 913 750 | 1,100 | 2,840 { 1,200 ( 1,860 | 347 829 | 1,000
1,860 | 1,860 | 750 | 675 (1,200 2,220 | 1,300 | 1,860 | 675 | 1,300 535
1,980 | 829 675) 675 913 1 2,220 | 913 829 | 1,000 | 1,630 | 1,300
1,860 | 1,740 750 460 | 1,200 | 1,980 | 1,200 | 2,220 829 | 1,100 913
1,400 | 2,100 913 | 1,100 | 2,460 | 1,200 | 1,980 | 1,200 { 291 | 1,400
1,740 [ 1,520 { 829 | 750 |1,100 (2,220 | 535 11,740 | 913 675 | 1,000
1,980 i 1,630 | 535 | 675 (1,000 1,980 | 1,200 | 1,980 | 1,300 | 750 | 1,000

1,860 | 1,860 | 913 | 75| 1,000 604 |1,300)1,520 | 406 11,100 1,
1,740 1 1,860 | 675 | 604 829 | 2,220 | 1,000 | 1, 1,860 | 1, 347

1,740} 675 750 913 11,300 2,220 ) 1,300 | 675 2,220 ) 1,200 1,
16 e, 1, 1,630 ) 1,860 ] 750 | 291 | 1,200 2,460 } 1,300 ] 675 | 1,980 913
17 1,740 | 1,200 | 1,630 750 829 913 | 2,220 | 1,000 829 | 1,630 142 913
j T SRR 1,520 [ 1,860 } 1,740 | 750 | 675)1,000| 1,980 675] 913 1,860 | 1,200 913
)1 I 1,980 | 1,860 | 1,520 | 535 | 6751 1,300 | 2,340 { 1,980 | 675 | 2,100 | 1, 750
P/ R 1, 1,980 | 1,630 | 829 | 1,200 | 1,200 | 2,220 | 2,340 | 913 | 469 1,000
) B 1,860 ) 1,740 11,400 | 5351 604 913 12,220 | 2,220 1 829 | 1,100 | 1,000 604
22 et 1,860 | 1,980 1,100 | 535 | 675|1,400 1,980 | 1,980 | 406 | 913 {1,000 | 1,520
D2 S 1,630 | 1,740 | 1,300 | 675 | 913 | 1,300 | 2,460 | 1,740 | 675 1,200 | 1,740
2 S , 1,100 {1,100 | 675| 750 1,300 | 2,220 | 1,860 1,300 | 188} 1,520
b T 1, 1,860 | 1,300 | 750 | 1,000 { 1,000 | 2,460 | 1,980 | 829 | 1,100} 1,200 | 1,860
26 1,740 | 1,740 | 1,000 | 535 1,100 | 1,000 | 1,860 | 1,980 | 913 } 1,860 | 1,200 | 1,860
e 1,000 [ 1,860 | 1,300 { 675| 675 1,300 { 1,980 | 2,100 | 829 | 1,520 | 1,400 | 1,400
b I 1,740 | 1,630 [ 1,300 | 750 | 820 1,100 | 2,220 | 2,100 | 675 | 2,700 | 1,000 829
.............. 1, 1,630 { 1,100 | 675 .......| 1,630 | 2,220 | 1,980 | 469 | 2,700 | 913 | 1,830
30 i 1,630 1 1,520 | 1,000 ; 750 (....... 1,520 | 2,100 | 2,100 | 1,100 | 2,700 } 1,300 | 1,630
.7 S 1, ceeneea| 1,100 TBO [Lo..... ,520 (....... 2,220 | ...... 1,980 1...... .

NotE.—Daily discharge computed from a rating curve fairly well defined between 469 and 3,070 second-
feet (gage hewgnts 2.0 and 4.5 feet) and poorly defined beyond those points. Daily discharge, Oct. 1 to Dec.
31, 1909, differ .romn that published in Water-Supply Paper 265 on account of a revision of the rating table.
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Monthly discharge of Wisconsin River near Rhinelander, Wis., for the years ending Sept.
30, 1910-1913.

Discharge in second-feet.
Month, ;&a%e;
Maximum. | Minimum. | Mean.
1,300 142 800 | B.
2,220 913 1,520 | B.
1,520 675 1 C.
,630 829 1,160 | C.
1,740 535 1,310 | C.
1,860 347 1,130 | B,
1,740 469 1,19 | B.
1,400 238 9o B.
1,100 18 597 | B.
1,200 18 539 | B.
750 38 513 | B.
1,000 38 594 | B,
2,220 18 947
1,100 238 558 | B.
7 238 573 | B.
913 188 537 | C.
1,300 347 806 | C.
1,300 347 799 | C.
1,740 238 929 | B.
1,630 347 1,110 | B.
2,220 188 1| B.
1,300 291 716 | B.
2,820 188 1,120 | B.
2, 347 1,770 | B.
1,980 406 1,440 | B,
2,820 188 944
3,850 1,520 2,710 | B.
1,860 675 1,020 | B.
2,100 604 1,370 | C.
2,820 1,100 2,190 | B.
2,100 1,100 1,630 | B.
2,220 291 1,320 | B.
..... 1,980 238 1,320 | B.
AU, et ittt aeiciaatceeernaaaaaa 4,890 1,200 2,940 | B.
ST 1731011 PP 4,370 1,200 2,420 | B.
1912-13.
L7 PR 2,100 1, B.
2,340 1,100 1,750 | B.
2,100 5 1,470 | C.
1,000 535 740 | C.
1,200 469 739 | C.
1,630 535 1,130 | C.
2,460 604 2,090 | B.
2,340 535 1,590 | C.
2,220 406 1,260 | C,
2,700 347 1,320 | B.
1,740 142 1,000 | B.
1,860 347 1,180 | B,
2,460 142 1,330

Nore.—8See footnote to table of daily discharge. Monthly discharge, October, November, and Decem-
ber, 1909, differ from that published in%Vater—Su%ply Paper 265 on account of a revision of the rating curve,
Discharge in “Second-feet %2’1 square mile” and “Run-off (depth in inches on drainage area)” are not
published because they are believed to be misleading. See ‘“Regulation” is station description.

WISCONSIN RIVER AT MERRILL, WIS.

Location.—At highway bridge at east end of the city of Merrill, 1,000 feet below
power house and dam of Merrill Electric Railway & Power Co., and half a mile
below the mouth of Prairie River coming in from right.

Records available.—November 17, 1902, to September 30, 1913.

Drainage area.—2,630 square miles.



UPPER MISSISSIPPI RIVER DRATNAGE BASIN, 155

Gage.—Chain gage installed June 17, 1903; read twice daily from January to July,
inclusive, and once daily—in the morning—from August to December. Datum
unchanged since June 17, 1903. Records obtained from staff gage previously
used doubtful. Because of an error in the gage, determined on August 15, 1913,
gage heights from January 1 to December 31, 1912 (published in Water-Supply
Paper 325), should be corrected by subtracting 0.07 foot. Gage heights from
October 1 to December 31, 1912, have been corrected and should be used as pub-
lished in the following table

Channel and control.—Heavy gravel and rock; may scour in high water; probably
permanent at other stages.

Discharge measurements.—Made from highway bridge.

Winter fiow.—Little ice forms at the gage but ice forms on the right bank of the river
below gage extending at times nearly to the center of the channel and causing a
small amount of backwater at the gage.

Regulation.—Upstream from the gage are the following power plants, named in
order:

Merrill: Merrill Electric Light & Railvay Co.
Tomahawk: Tomahawk Pulp & Paper Co.
Tomahawk: Tomahawk Tannery Co.

Kings: Tomahawk Power Co.

Rhinelander: Rhinelander Paper Co.

Otter Rapids: Eagle River Electric Co.

All these plants control the flow somewhat by means of service reservoirs. The
plant at Otter Rapids has a pondage with an area of 5 square miles. Besides the
regulation of the above plants, the Wisconsin Valley Improvement Co. operates
17 storage reservoirs in the Wisconsin basin above Merrill, having a capacity of
over 4,000,000,000 cubic feet.

Floods.—On July 24, 1912, at 5 a. m., the water reached a stage of approximately
17.5 feet, corresponding to a discharge of 45,000 second-feet. During the pre-
ceding 24 hours 11.25 inches of rain had fallen in the vicinity of Merrill. C. B.
Stewart,! consulting engineer, Madison, estimated the run-off of the 700 square
miles between Merrill and Tomahawk at 65 second-feet per square mile, and that
from the entire drainage area above Merrill, at 17 second-feet per square mile.
In the basin above Tomahawk, however, little rain had fallen.

Accuracy.—Accuracy of records impaired by diurnal fluctuations caused by the
operation of power plants, in the winter by ice, and in the spring possibly by logs
lodging on the control and causing backwater.

Cooperation.—Station maintained in cooperation with the United States Weather
Bureau, the Wisconsin Valley Improvement Co., and the Railroad Commission
of Wisconsin.

1 8tewart, C. B., Investigation of flood flow on the watershed upper Wisconsin River: Western Soc.
Eng. Jour., vol. 23, no. 4, April, 1913,



g

Sept.

July. | Aug.

1913,

11, Wis., for the year end:

errt

t M

May. | June.

the year ending Sept. 30,

by ice durin;
edy in Water-gupply Paper 325 on aceount of

Mar, | Apr.

wer a

R
Feb.

Sept. 30, 1918.

CONSIN

[A. F. Lueck, observer.]

Jan.

Dec.

harge measurement was made by B. J. Peterson August 15, 1913

SURFACE WATER SUPPLY, 1913, PART V.
Nov.

18C.

those publishs

1912, differ from

>

156

d
Gage height, 4.65 feet, discharge, 1,850 second-feet.

wing

The follo

ight, in feet, of Wis

Daily goge

Oct.

Day.

NotE.—Discharge relation probably not materially affected

Gage heights, Oct. 1 to Dec. 31
an error in the gage. See ““ Gage.”



157

River at Merrill, Wis., for the years
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Daily discharge, in second;féet, of Wisconsin River at Merrill, Wis., for the years
ending Sept. 30, 1910-1913—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1911-12.

4,730 2,780 | 20,100
4,000 2,300 | 23,500
4,52 |. 1,500 | 7,590
2,610 |. 1,500 | 12,600
2,870 1,500 | 8,990
3,700 2,010 | 8,990
4,200 |. 2,960 | 7,590
3,050 3,900, 7,050
3,900 5,610 | 6,300
3,700 12,000 | 4,950
3,140 14,000 | 4,310
3,900 |- 13,600 | 4,100
2,300 11,100 | 3,900
2,530 |. 7,500 | 4,520
3,420 7,320 | 4,520
3,600 5,840 | 4,310
2 6,300 | 4,100
2 5,610 | 3,700
5,610 | 3,900
6,070 | 3,510
5,610 | 3,700
4,950 | 4,100
8,140 4,730 | 3,140
9,570 4,520 | 2,960
8,420 | 2,300 4,520 | 3,320
6,540 | 2,610 110,200 | 3,320 | 3,700
8,140 | 2,780 | 7,320 | 4,520 | 2,450
9,280 | 1,750 | 4,950 | 3,900 | 2,450
9,570 | 1,380 | 3,510 | 3,900 | 1,880
8,140 | 2,450 | 3,140 | 4,730 | 2,780
7,500 [....... 2,780 | 5,170 §-......
2,300 | 3,140 | 2,150 | 2,300 | 1,750 | 6,790 | 5,170 | 6,790 | 1,880 | 5,610 | 2,150
2,150 | 3,320 | 2,450 | 2,300 | 1,500 | 8,420 | 4,730 | 5,610 | 2,300 | 3,900 | 2,150

1,750 | 3,140 | 2,450 | 1,880 | 1,620 [12,000 | 4,520 | 5,390 | 2,010 | 4,100 [ 2,
2,150 | 4,310 | 1,750 | 2,010 | 1,620 (11,100 | 4,520 | 5,390 | 2,300 | 3,320 | 2,010
2,300 | 4,730 | 2,300 | 2,010 | 1,750 10,500 | 5,170 | 4,950 | 2,300 | 2,610 | 3,140
2,780 | 3,900 | 1,750 | 1,880 | 2,010 | 9,280 | 4,950 | 4,520 | 4,100 | 3,700 | 2,150
2,150 | 3,510 | 2,780 | 2,010 | 1,750 | 9,570 | 3,700 | 4,520 | 3,320 | 3,140 | 2,960

2, 3,320 | 2,010 | 2,010 | 1,500 | 8,990 | 4,950 | 3,900 | 3,510 | 2,780 | 2,
2,010 | 3,320 | 2, 1,750 | 1,620 | 7,860 | 3,700 | 3,140 | 4,950 | 2,780 | 2,610
2, 3,140 | 2,300 | 2,150 | 1,750 | 7,590 | 3,700 | 3,700 | 4,520 | 2,610 | 2,010
2,150 | 3,510 | 2,450 | 2,150 | 2,010 | 7,590 | 3,700 | 3,320 | 4,950 | 2,780 | 2,610
2,150 | 2,450 | 2,150 | 2,610 | 2,010 { 7,050 | 2,960 | 6,070 | 5,390 | 2,150 | 2,300
3,320 | 3,140 | 2,300 | 2,300 | 2,010 | 7,050 | 3,320 | 2,780 | 5,390 { 2,610 | 2,450

2,610 | 3,140 | 2,300 | 1,750 | 3,140 | 6,790 | 3,700 | 3,320 | 4,950 { 2,300

2,610 | 2,780 | 2,300 | 1,750 | 2,010 | 9,570 | 3,700 | 4,100 | 4,950 | 2,010 { 2,010
2,780 | 2,610 | 2,010 | 1,880 | 2,010 | 9,860 | 3,510 { 2,010 900 | 2,450 | 2,300
2,610 | 3,140 | 2, 1,880 | 2,450 12,000 | 4, 2,300 | 5,170 | 2,010 | 2,780
1,880 | 3,140 | 2,010 | 1,750 | 2,150 |12,300 | 3,140 | 2,450 | 4,950 | 1,380 { 1,880
2,450 | 2,610 | 2,010 | 1,750 | 2,610 12,000 | 3,510 | 2,780 | 4,310 | 2,780 | 1,880
2,150 | 2,300 | 2,300 | 1,500 | 4,100 (10,800 | 3,700 | 2,610 | 4,520 | 2,300 | 2,300
b2 W X 2,450 | 2,610 | 2,300 | 1,750 | 4,100 | 9,570 | 5,810 | 2,610 | 3,820 | 2,150 | 2,780
22 il 2,450 | 2,450 | 2,450 | 2, 1,750 | 3,320 | 8,420 | 6,790 | 2,610 | 3,320 | 2,780 | 3,900
p: T 2,780 | 2,300 | 2,150 | 2,010 | 2,010 | 2,780 | 8,700 | 6,540 865 | 2,610 | 2,780 | 3,510
b S, 2,960 | 2,300 | 2,610 | 2,010 | 1,010 | 2,610 | 8,420 | 5,840 | 2,300 | 2,960 | 2, 4,100
25, 2,780 | 2,010 | 2,450 | 2,010 | 2,150 | 3,140 | 8, 5,390 | 2,010 | 3,510 | 1,880 | 4,950
2. e 2,300 | 2,300 | 2,150 | 2,010 | 1,500 | 3,320 | 7,320 | 4,100 | 2,150 | 3,700 | 2,010 | 4,100
D S 2,450 | 2,150 | 1,880 | 1,750 | 1,500 | 3, T 5,170 | 2,300 | 9,280 | 2,010 | 4,950
28 il 2,300 | 2,150 | 2,150 | 1,620 | 2,300 | 3,140 | 6,300 | 4,100 | 2,960 (10,200 | 1,880 | 4,520
20 ol 2,610 | 2,300 | 1,620 | 2,150 |....... 4,100 { 5,390 | 4,950 | 2,010 | 9,570 | 2,450 | 3,510
E 2,300 | 2,300 | 1,880 | 1,880 |....... 4,950 | 4,950 | 7,050 | 2, 7,320 | 2,150 | 4,100
L1 IO 2,150 |....... 2,450 | 2,010 {-......| 6,300 |....... 6,790 |....... ,070 | 1,500 [-......

Note.—Daily discharge computed from a rating curve fairly well defined between 785 and 12,000 second-
fect (gage heights 3.7 and 9.0 feet); below 785 second-feet (gage height 3.7 feet), the rating curve is simplly
an extension, and estimates should be used with caution. No discharge estimates have been made Dec. 1,
1911, to Mar. 31, 1912, as discharge relation was probably seriously affected by ice. Discharge for winter
periods of the other years determined from open-water rating, may be too high.
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Moﬁthly discharge of Wisconsin River at Merrill, Wis., for the years ending Sept. 30,

1910-1913.

[Drainage area, 2630 square miles.a}

Discharge in second-feet.

Month. Accu-
racy.
Maximum. | Minimum. | Mean.
2,010 810 1,410 | C.
8,620 1,080 ,250 | C.
4,460 1,600 2,370 } C.
2,380 1,620 A D.
2,380 1,380 2,070 | D.
4,840 1,680 2,940 | D.
6,540 2,300 4,140 | C.
4,620 1,220 2,760 | B.
2,700 414 1,260 | C.
1,270 390 941 | C.
1,500 402 957 | C.
2,300 752 1,280 | C.
8,620 390 2,200
1,880 541 1,430 | C.
1,940 695 1,180 | C.
1,820 720 1,210 | C.
2,080 752 1,410 | C.
2,010 825 , C.
5,390 960 2,560 | C.
5,840 1,880 3,930 | C.
7,180 1,440 3,560 | C.
4,730 695 1,910 | C.
2,380 624 1,450 | C.
3,600 1,060 2,280 | C.
6,790 1,270 3, C.
7,180 541 2,120
1911-12.
19,000 4,420 8,650 | B.
4,730 2,300 3,330 | B.
10, 800 960 7,190 | B.
9,570 3,140 6,330 | B.
5,170 1,380 3,090 | B.
27,200 752 3,650 | C.
14,000 1,500 5,450 | C.
23, 500 1,880 5,970 | C.
5,170 2,150 3,000 | B.
3,320 1,750 2,320 | B.
4,730 1,620 2,870 | B.
2,780 1,620 2,140 | D.
2,610 1,010 1,910 | D.
8,300 1, 2,670 | D.
12,300 4,950 8,750 | B.
7,050 2,960 4,630 | B.
6,790 865 3,390 ! B.
, 200 1,880 4,570 | B.
5,610 1,380 2,620 | B.
4,950 1,880 2,030 | B.
12,300 365 3,490

e Estimates of discharge in “Second-feet per square mile” and “Run-off (depth in inches on drainage
area)” withheld as misleading. See “Regulation” in station description.

Note.—See footnote to table of daily discharge.

WISCONSIN RIVER, NEAR NECEDAH, WIS.

Location.—At highway bridge known as Pete in Well Bridge, about 3 miles east of
Necedah, Wis., on the road from Necedah to Strongs Prairie, about 5 miles above
‘mouth of Big Roche a Cri Creek (entering from the left). -

Records available.—December 2, 1902, to September 30, 1913.

Drainage area.—5,800 square miles.
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Gage.—Chain gage attached to bridge. Gage heights for the year 1909 (published
in Water-Supply Paper 265) are approximately 0.04 too high; gage heights for
1910 (Water-Supply Paper 285) approximately 0.08 too high; gage heights for
1911 (Water-Supply Paper 305) approximately 0.13 too high; gage heights Jan-
uary to September, 1912 (Water-Supply Paper 325) approximately 0.17 too high;
gage heights for October to December, 1912, should be used asgiven in the following
tables; gage heights for 1913 refer to original datum.

Channel and control.—Sandy and shifting.

Floods.—The highest stage recorded at this station is 16.8 feet on October 10, 1911.

Winter flow.—Discharge relation greatly modified by ice which forms at the gage to
a thickness of 1 to 2 feet.

Accuracy.—Owing to the fact that the bed of the river shifts considerably, estimates
based on occasional discharge measurements should be used with great caution.
Discharge measurements made in 1910 and 1913 indicate a change in the discharge
relation ranging from about 10 per cent at high stage to about 50 per cent at low
water. Estimates of discharge for this period have not been prepared as the data
available are not sufficient to warrant their publication.

Cooperation.—Gage heights furnished by courtesy of Wisconsin Valley Improve-
ment Co.

The following discharge measurement was made by B. J. Peterson: August 18, 1913:
Gage height, 5.13 feet; discharge, 2,670 second-feet.
Daily gage height, in feet, of Wisconsin River near Necedah, Wis., for the year ending
Sept. 30, 1913,

[Michael Coughlin, observer.]
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Nots.—Discharge relation affected by ice about Dec. 1, 1912, to Mar. 20, 1913,
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TURKEY RIVER AT GARBER, IOWA.

Location.—At single-span highway bridge at Garber, 800 feet above mouth of Wayne
Creek, which enters from the right.

Records available.—August 29 to September 30, 1913.

Drainage area.—1,560 square miles.

Gage.—Chain gage attached to the bridge, read morning and evening to quarter-
tenths. Limits of use: Hundredths below 3.0, half-tenths from 3.0 to 4.0, and
tenths above 4.0 feet.

Channel and control.—Sand and mud; shifting.

Discharge measurements.—Made from the bridge or, at low water, by wading.

Regulation.—The operation of an electric-light plant and grist mill at Elkader
probably produces a slight daily fluctuation.

Floods.—What is probably the highest stage within the past 20 years occurred May
18, 1902, when the river reached a stage indicated by high-water mark on door
of A. F. Grafe’s residence in Garber about 23.7 feet above gage datum.

Accuracy.—Gage-height record reliable; data insufficient for estimates of discharge.

Discharge measurements of Turkey River at Garber, Towa, during the year ending Sept. 30,
1913.

Date. Made by— hgiz%et. ch];ge.
Feet, Sec.-ft.
P T I AR € R (1 N 2.80 181
b T R o PP, 2.88 151

Daily gage height, in feet, of Turkey River at Garber, Iowa, for the year ending Sept. 30,
. 1913.

[E. J. Prolow, observer.]

Day. Aug. Sept. Day. Aug. Sept. Day. Aug. | Sept.
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MAQUOKETA RIVER ABOVE MOUTH OF NORTH FORK OF MAQUOKETA
RIVER, NEAR MAQUOKETA, IOWA.

Location.—At the Goddard Bridge, about 6 miles west of Maguoketa, about 1,000
feet above mouth of Punkin Run entering from the right, and about 7 miles above
mouth of North Fork of Maquoketa River.

Records available.—August 31 to September 30, 1913.

Drainage area.—957 square miles. -

Gage.—Chain gage attached to the bridge; read once daily, in the morning, to half-
tenths. Limits of use: Half-tenths below and tenths above 3.0 feet.

Channel and control.—Control not well defined; channel somewhat shifting.

Discharge measurements.—Made from the bridge.

Regulation.—The operation of a grist mill at Canton, about 12 miles upstream,
probably produces a slight daily fluctuation at the gage.

Accuracy.—Gage-height record reliable. Data insufficient for estimates of discharge,

91388° —wsp 355—16——11
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The following discharge measurement was made by S. B. Soulé:
August 31, 1913: Gage height, 2.01 feet; discharge, 194 second-feet.

Daily gage height, in feet, of Magquoketa River above mouth of North Fork Maquoketa River
near Maguoketa, Towa, for the year ending Sept. 30, 1913.

[Frank Prindle, observe'r.]

o

Day. Sept. Day. Sept. Day. Sept.
1.95 2.0 2.2
2.0 2.0 2.2
1.9 2.1 2.2
1.95 2.05 2.1
2.0 2.0 2.1
2.0 2.1 2.15
2.1 2.0 2.1
1.9 2.15 2.1
2.0 2.1 2.0
1.95 2.1 2.1

MAQUOKETA RIVER BELOW MOUTH OF NORTH FORK OF MAQUOKETA
RIVER, NEAR MAQUOKETA, IOWA.

Location.—In the southwest corner of the NE. { sec. 17, T. 84 N., R. 3 E., at the
Bridgeport Bridge, about 3 miles northeast of Maquoketa, 1,200 feet above the
mouth of Mill Creek which enters from the right, and about 2 miles below the
mouth of North Fork Maquoketa River.

Records available.—September 1 to 30, 1913.

Drainage area.—1,570 square miles.

Channel and control.—Control not well defined; channel shifting.

Discharge measurements.—Made from bridge.

Regulation.—Practically none.

Accuracy.—Gage-height record reliable; data inadequate for estimates of discharge.

Discharge measurements of Maguoketa River below mouth of North Fork Maguoketa River
near Maguoketa, Towa, during the year ending Sept. 30, 1913.

Date. Made by— heig! oi;. o
Feet. Sec.-ft.
AUZ. 21 | W, G HOFE . e emenen e e e e e anaaans 2.87 564
30 [ 8. B, SOUIS. L oeti i teeiaaaecmeenaemaeearaaaaeaaaan 2.30 396

Daily gage height, in feet, of Maguoketa River below mouth of North Fork of Maguoketa
Ruver, near Maquoketa, Iowa, for the year ending Sept. 30, 1913.

-

[John Strodthoff, observer.]

Day. Sept. Day. Sept. Day. Sept
2.25 2.22 2.55
2.30 2.22 2.50
2.28 2.28 2.48
2.25 2.41 2.38
2.25 2.28 2.40
2,25 2.30 |} 26. 2.32
2.25 2.38 || 27.. 2.28
2.22 2.35 || 28.. 2.30
2.22 2.32 || 29.. 2.25
2.22 2.48 || 30 2.30
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WAPSIPINICON RIVER AT STONE CITY, IOWA.

Location.—At the highway bridge at Stone City, Iowa, a short distance above the
Chicago, Milwaukee & St. Paul Railway bridge, about 4 miles above the mouth
of Buffalo Creek.

Records available.—August 19, 1903, to September 30, 1913.

Drainage area.—1,310 square miles.

Gage.—Chain gage attached to bridge; read daily, in the morning, to quarter-tenths.
Limits of use: Hundredths below 3.0, hali-tenths from 3.0 to 4.0, and tenths
above 4.0 feet.

Channel and control.—Remains of a loose rock dam under the Chicago, Milwaukee
& St. Paul Railway bridge, practically permanent, forms the control.

Discharge measurements.—Made from upstream side of bridge.

Floods.—The high water of July, 1892, reached a stage of 28 feet referred to the present
gage. According to the observer, this record is probably correct within one-half
foot.

Winter flow.—Discharge relaton affected by ice that forms to a thickness of 1 to 2i
feet.

Regulation.—The operation of a power plant installed in 1912 at Center City, about
20 miles above the station, may possibly cause some diurnal fluctuation at the

gage.
Cooperation.—Gage heights furnished by Frank Dearborn, of Stone City, Iowa.

Discharge measurements of Wapsipinicon River at Stone City, Iowa, during the year ending
Sept. 30, 1913.

Gage Dis-
Made by— heiag%l . | charge.

Feet. Sec.-ft.
198
2.38 7.6

Daily gage height, in feet, of Wapsipinicon River at Stone City, Iowa, for the year ending
Sept. 30, 1913. ’

[Frank Dearborn, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
3.2 | 3.05| 3.3 6.6 | 3.3 | 65 | 2.8 2.65| 238
3.25| 3.0 | 3.1 6.1 | 3.3 | 57 | 2.8 2.62| 242
3.1 | 3.05| 3.1 |. 58 | 3.25| 49 | 272 2.68| 236
3.05( 3.25| 3.1 |. 56 | 3.6 | 47 | 270 2.58| 240
3.0 | 3.05] 2,72 56 | 40 | 44 | 2.72| 2.58] 238
2.88( 3.0 | 2.94 53 | 4.4 | 42 | 2.68| 2.56| 2.38
2.96 | 3.0 3.2 5.2 4.6 4.6 3.751 2.36 2.38
2.85| 2,90 3.2 52 | 47 | 3.95| 2.68| 2.35| 245
3.3 | 3.0 | 3.15 58 | 4.6 | 40 | 3.2 | 244 264
3.66| 2.98| 3.2 6.4 | 43 | 3.9 | 2.8 2.55| 240
3.9 | 3.0 | 3.2 6.6 | 40 | 3.7 | 256 2.48]| 248
3.75| 2.96| 3.1 6.6 | 43 | 3.8 | 2.55| 2.781 243
415 3.3 | 3.1 6.7 | 4.4 | 3.65| 2.52| 2.63| 2.40
3.95| 3.5 | 3.1 6.4 | 47 | 3.7 | 2.56| 240 238
3.65| 3.45|....... 6.1 | 51 | 37 | 2.58| 2.95}] 2,33
3.351 3.5 |....... 56 | 50 | 3.9 | 2.62| 2.8 2.4
3.45| 3.35|..... 54 | 53 | 3.55| 2.97| 2.62| 240
3.3 | 3.15 54 | 53 | 35 | 292 2.47| 242
3.3 | 3.05|..... 49 | 48 | 33 | 2.8 2.55| 258
3.25| 3.1 |..... 4.7 | 49 | 3.4 | 2,56 2.42]| 2.58
3.3 | 3.1 |. 4.6 | 58 | 3.35| 2.57| 2.52] 240
3.25| 3.0 |. 44 | 65 | 3.3 | 259 2.70] 2.40
3.1 | 3.0 |. 4.0 | 7.2 | 3.35|-2.78| 2.45| 2.45
3.2 | 3.0 [eeeeolfeeiiiiiiiils 10.2| 3.85( 89 | 3.3 | 2.72| 2.42| 2.6
315 3.0 [ceooiiiioiii]eiiiis 105 3.7 | 9.3 | 3.45| 260 2.35| 242
3.0 | 298| 3.1 |... 2.75] 10.1| 3.5 | 82 | 3.35| 2.56| 2.35| 2.40
3.1 1 29 |....... [ R 9.8| 3.35| 7.9 | 3.35| 2.62| 2.33| 2.38
2,981 2.08 | oo 8.6 3.55| 83 3.95| 2.71| 238 2.38
3.15( 3.0 |....... 2.81)....... 7.41 3.55| 9.2 3.35| 2.82| 2.38 2.40
3.0 1 3.9 [ooeeeiiiiienn 7.2| 835 9.4 | 27 | 270 240 248
;% S R P R PO (/S W U 81 |....... 2.63| 2.42|...... .

NorEe.—Discharge relation affected by ice about Dec. 7, 1912, to Mar. 8, 1913.
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Daily discharge, in second-feet, of Wapsipinicon River at Stone City, Iowa, for the year
. ending Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2,120 | 335 164 126 71
1,820 185 119 78

143 133 68
138 110 74
143 110 71
133 105 71
535 68 71
133 66

295 81 124
169 103 74
105 88 88
103 159 79
96 121 74
105 74 71
110 205 63
119 164 _ 4
211 119 74
196 87 78
164 103 110
105 78 103
107 96 74
112 138 74
159 83

143 78 114
114 66 78
105 66 74
119 63 71
141 71

169 71 74
138 74 88
121 8 |eeeen.

Nore.—Daily discharge computed from a rating curve well defined between 58 and 2,380 second-feet
(gage heights, 2.3 and 7.0 feet). ~Discharge estimated, because of ice,from_gage heights, observer’s notes,
climatic records, and discharge of adjacent drainage areas, as follows: Dec. 7-31, 1912, 170 second-feet; .
Jan. 1-31, 1913, 170 second-feet; Feb. 1-28, 140 second-feet; and Mar. 1-8, 300 second-feet.

Monthly discharge of Wapsipinicon River at Stone City, Towa, for the year ending Sept.
. 30, 1913. N

[Drainage area, 1,310 square miles.}

Discharge in second-feet. (gemz_l;) 1_T
in
Month. per | incheson Accu-
s s ll[‘a"]age "
, Maximum, | Minimum, | Mean. sgnu]f;e area).
0. 256 0.30 | A.
. 205 A,
.140 .16
.130 .15
107 W11
2.04 2.35 | B,
1.10 | A,
1.30 1.50 | B.
477 .53 | AL
.118 L4 1AL
.076 .09 | A,
. 061 W07 | AL
Theyear.........ooeeiiieiiaan 5,070 |.ceeenaaa... 648 -495 6.73

IOWA RIVER NEAR IOWA FALLS, IOWA.

Location.—About 1 mile above Iowa Falls and 2 miles below the Northwestern Rail-
_ way bridge.

Records available.—August 5, 1911, to September 30, 1913.

Drainage area.—Not measured.
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Gage.—Vertical staff fastened to a maple tree on the north or left bank of the river,

read morning and ev:

2.0, half-tenths from 2.0 to 3.0, and tenths above 3.0 feet.
Channel and control.—Rock; permanent.
Discharge measurements.—At low water made by wading in the vicinity of the

gage; at high stages

depot. A small creek enters from the left between the bridge and gage.
Winter flow.—Discharge relation affected by ice.

Regulation.—A dam 7
thought that the flow

Data inadequate for est

miles above the gage at Alden is used occasionally.
at the gage is the natural flow of the stream.
imates of discharge.

ening to quarter-tenths. Limits of use: Hundredths below

from Illinois Central Railroad bridge one-fourth mile from

It is

Discharge measurements of Towa River near Towa Falls, Towa, during the year ending
Sept. 30, 1913.

Gage Dis- Gage | Dis-
Date. Made by— height. [ charge. Date. Made by— heiagit. charge.
Feet. | Sec.fi. . Feet. | Sec.-ft.
Nov. 7 | Leesand Soulé...... .. 0.61 28.1 || Sept. 4§ B.J. Peterson.......... 0.48 10.6
T leeass L [ T .61 30.2 4 ... L 1 T .48 11.1

NorE.—Measurements made by wading.

Daily gage height, in feet,

of Towa River near Towa Falls, Iowa, for the year ending Sept.

380, 1918.
[Albert Kulas, observer.]

Day. Oct. | Nov. || Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1. 0.85| 0.85( 0.91| 1.2 1.25) 1.45| 1.20} 2.15| 0.80 | 0.55 0.49
2. .86 .85 1.00{( 1.2 1.2 1.39 | 112} 1.95 .78 .60 .51
3 .85 741 104 1.2 1.4 1.38] 1.08| L75 .80 .48 .48
4. .92 .88 .98 12 1.4 1.40 | 1.39| L.55 .82 .50 .49
5.. .82 .98 .88 | 125 1.3 1.40 | 1.6 1.48 .78 .54 .49
6... L7210 100 L0 1.2 1.25| 140} 1.7 1.44 .1 .54 .49
7... .68 [ 1.00| 105 1.15{ 1.3 1.456| 1.65| 1.29 .70 . .50
8. .90 94| 1.0 1.2 1.8 1751 1.6 1.26 707 .44 .60
9... .76 .95 98¢ 1.3 L7 2.1 1.6 1.20 68 .50 .65
10, .78 .80 1.0 1.3 1.8 2.7 1.65 | 1.18 65 .50 .50
.72 821 1051 1.2 2.0 295 1.5 1.11 .68 .60 .55

.79 .80 1 1.0 1.2 2,16 3.2 1.48 | 1.10 .79 .60 .65

.81 851 1.05] 1.3 2.25| 3.2 1.5 1.02 .74 (1] .49

.82 .8 1.0 [ 1.3 3.5 3.0 1.6 1.00 .70 .66 .52

.84 .8 | 1.05| 1.3 4.8 | 2.65| 2.05( 1.00 .70 65 .70

.82 .90 1.05| 1.25] 5.1 2.35 | 2.3 .98 .70 .60 .52

.85 .88 1.1 1.2 3.5 2.1 2.4 .94 .70 .62 .64

.72 .80 | L1 1.2 2.8 1.9 2.5 .90 .78 .65 .48

.66 90 115 1.2 2.1 1.75 | 2.55 .89 .68 .59 .70

.82 .90 1.2 1.2 2.0 1551 2.7 .88 .44 .60 .65

.90 .81 .92 1.2 1.2 1.7 1.5 2.95 .89 .60 .60 .52

1.05 .84 941 1.2 1.3 2.0 1427 3.1 .88 .62 .65 .72

1.00 .88 01 1.2 1.3 1.4 1.3 | 3.2 .80 69 .75 .55

.98 .75 921 1.2 1.25 | 2.45| 1.36| 3.3 .80 68 75 .62

.98 .82 .90 1.2 1.25 | 2.4 1.36 | 3.2 .88 .66

.94 .69 90| 1.2 1.3 2.4 1.31 | 3.0 .90 .68 .59 .72

.90 .56 92| L2 1.25| 2.5 1.20] 2.9 .89 .68 .68 .75

.90 .72 95| 1.2 1.25]| 1.85| 1.31] 3.0 .90 .66 .59 .80

.88 .90 92 1.2 1.8 1.31| 3.0 .86 .66 .50 .70

.81 .78 951 1.2 1.75 | 1.28| 2.95 .81 .88 .35 .72

B ... .99 12 165 ....... 2.5 |oceene. .58 45 [.......

Nore.—Dischargerelation affected by ice about Dee. 8, 1912, to Mar, 14,1913. On Mar. 22, 1913, observer

reported slush ice below the gag

{-N

CEDAR RIVER NEAR AUSTIN, MINN.
Location.—In sec. 15, T. 102 N., R. 18 W., just below the dam of the Red Cedar mill,

2 miles below Austin

Records available.—May 29, 1909, to September 30, 1913.
Drainage area.—425 square miles.
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Gage.—Chain gage since May 2, 1913, read to quarter-tenths three times daily when
Red Cedar mill (see ‘‘Regulation ”) is in operation and twice daily at other times.
Limits of use: Hundredths below 3.0, hali-tenths from 3.0 to 4.0, and tenths
above 4.0 feet.

Winter flow.—The discharge relation was probably not materially affected by ice
during the winter of 1912-13.

Regulation.—Immediately above the station is the power plant known as Red Cedar
mill. During the low-water season the water is drawn down below the crest of
the dam by the end of the 10 or 12 hour run, and after the turbine is closed the
water is held back for several hours before it has risen sufficiently to flow over the
crest. Consequently the stage of the river changes considerably during each 24
hours.

Accuracy.—Owing to the slightly shifting channel, the growth of vegetation, and
fluctuations in stage caused by the operation of the power house records are only
fair.

Discharge measurements of Cedar River near Austin, Minn., during the year ending
Sept. 30, 1918.

Gage | Dis- e | Dis-
Date. Made by— hot, | charge, | Dste: Made by— hﬁﬁt_ e
Feet. | Sec.ft.
Jan. 24 | 8. B, Soulé............. 2.51 a58.4 || June 27
ﬁp .1 ds 3.06 195 Sept. 25
ay 21 4.67 | 2676 25

aVelocities determined by subsurface method.
b8light obstruction from barbed wires in river just below gage.
c¢Large amount of grass at control.
Daily gage height, in feet, of Cedar River mear Austin, Minn., for the year ending
Sept. 30, 1913.
{3. C. King, observer.]

Day. Oct. | Nov. | Dec. | Jan, | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2. 2.43 1 2.23| 2.34| 2.59| 3.05| 2 2.63 | 2.73 2.61
2.46 | 2.36( 2,22 | L98| 2.29{ 3.05| 2.57 | 2.74| 2.66| 2,61 2.62
2.33 | 2.36| 2.23| 2.31| 2.59| 3.5 2,76 2.68| 2.61| 2.52 2.60
2.40 | 2.42| 2.24| 2.33| 2.27| 3.35| 3.15| 2.66| 2.47| 2.58 2.56
2.42 ] 2.42} 2.05| 2.01| 2.25| 3.1 3.20 | 2.64| 2.62 . 2.40
2.48 | 2.34| 2.40 2.56 | 2.37| 2.92 5 2.62 | 2.53 | 2.48 2.42
2.43 | 2.34 | 2.37| 2.01f 2.20]| 2.87| 2.80; 2.62 | 2.86| 2.46 2.17
2.46 | 2.30 | 2.33] 2.36| 3.85| 2.81( 2.8 | 2.47 | 2.82] 2.51 .
2.44 | 2,47 ) 2,05 2.06) 4.4 2.79 | 2.80| 2.52) 2.67} 2.51 .
2.31 | 2.42 | 2.40| 2.28| 5.6 3.1 2.74 | 2.54| 2.57| 2.69 2.43
2.38 | 2.23 | 2.42| 2.29| 5.7 3.7 2.67 | 2.52 | 2.64| 2.76 2.44
2.52 | 2.27| 2.05| 2.38| 4.9 4.1 2.73 | 2,456 2.65 | 2.78 2.47
2.66 | 2.24| 2.36| 2.52| 4.1 365 | 2.66| 2.36| 2.55| 2.70 2.47
2.65 | 2.21| 2.43| 2.06| 6.7 3.5 2.8 2.45| 2.66 | 2.59 2.21
2.66 | 2. 2,361 2.28 | 505| 3.15| 3.35| 2.34| 2.58 | 2.57 2.
2.64 | 2.35| 1921 2.19| 4.2 3.051 3.8 2.42 | 2.66| 2.55 2.49
2.48 | 2.47 | 2,15 2.30| 3.45| 2.92 | 4.7 2.42 | 2.59 | 2.50 2.49
2.58 | 2.44| 2.37| 2.28 1 3.25( 2.8 | 4.8 2.41| 2.62| 2.78 2.49
2.56 | 2.411! 2.36( 1L.98| 3.3 2.80 | 4.3 2.41 | 2.50 | 2.62 2.562
2.56 | 2.27) 2.36| 2.30] 3.05| 2.71| 4.5 2.50% 2.38| 2.74 2.57
2,67 | 2,201 2.25| 2.31F 2.95| 2,77 4.7 2.46 1 2.53 | 2.74 2.48
2.48 | 2.00| 2.21| 2.66| 2.81| 2.73| 4.5 2.38 | 2.50 | 3.25 2.58
2.50 | 2.39| 2.31| 2.01| 2.76| 2.68| 4.0 2.46 | 2.48| 3.3 2.50
2.33 1 2.26 | 2.30| 2.38| 6.5 2,71 | 3.6 2.49 | 2.46 | 3.1 2.70
2.53 | 2.11 | 2.43| 2.22| 6.5 2,71 3.3 5.5 2.44 | 2.95 2.74
2.52 | 2.35| 2.32| 2.22| 4.5 2,70 | 3.4 6.7 2.45 | 2.76 2.71
2.541 2.30 | 2.4 | 2.34| 3.4 2.64 ( 3.3 4.7 2,371 2.60 2,64
2,371 2.22 | 2.31| 200 3.3 2.66 | 3.15( 3.8 2.45 1 2.58 2.54
2.62 | L97| 2.26|....... 3.4 2.62 [ 3.1 3.15 | 2.54] 2.52 2.70
2.58 | 2.26 | 2.38|....... 3.35| 2.60| 2.87| 2.93) 2.53| 2.58 2.67

....... 2,37 2.270......0 325 (...l 2.87 ...l 2,751 2.47 ...,

Norte.—Discharge relation probably not materially affected by ice during the year ending Sept. 30, 1913.
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Daily discharge, in second-feet, of Cedar River near Austin, Minn., for the year ending
Sept. 30, 1918.

»

Day. Oct, | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

7.5 48| 45 18 31 74 189 68 83 62 60 42
51 50| 34 17 4 24 189 70 110 50 42 43
51 30| 34 18 26 74 310 115 95 42 28 40
53 40 | 43 19 30 22 268 215 90 22 37 34
54 43 | 43 6 5 20 202 228 86 43 32 15
30 53| 31 40 68 36 155 176 81 30 23 17
36 451 31 36 5 15 142 148 81 90 21 4
43 50| 25 30 34 413 128 125 51 81 26 32
46 461 23 6 6 586 122 125 60 51 26 19
43 26| 21 40 23 | 1,030 202 110 64 36 54 18
60 371 18 43 24 | 1,070 368 93 60 46 68 19
76 60| 22 6 37 7 490 108 48 48 72 22
45 90| 19 34 60 490 353 90 34 32 56 22
98 83 | 16 45 6 | 1,450 310 130 48 50 38 5
74 90 6.3 34 23 819 215 268 31 37 36 32
62 8 | 32 398 43 50 32 24
58 531 51 43 38 25 24
58 72| 46 724 42 43 72 24
50 68 | 42 554 42 25 43 28
28 68| 22 618 56 14 64 36
66 70 15 688 50 30 64 23
68 53 4.5 618 37 25 189 37
54 56 | 38 458 50 23 202 25
48 30| 21 338 54 21 150 56
54 62| 75 254 | 990 9] 12 64
46 60 | 32 282 | 1,450 20 68 58
34 64 25 254 688 13 416
43 36| 17 215 398 20 37 31
46 60 4.2 202 215 31 56
43 2| 20 142 158 30 37 51
51 |.......| 86 142 f...... 66 22 |.ooo..n

Norg,—Daily discharge Oct. 1, 1912, to June 30, 1913, congﬁuted from a rating curve well defined between
6.7 and 1,370 second-feet: Sgage heights 2.1 and 6.5 feet). Daily discharge July 1 to Sept. 30, 1913, computed
from a rating curve based on the discharge measurements made on Sept. 25, 1913. The discharge relation
was probably affected by backwater from grass during the latter period. ﬁstignates of discharge for Jan-
ltlgry and I‘t;tlssruary may possibly be somewhat too high as the open-water rating curve was used during

ese months.

Monthly discharge of Cedar River near Austin, Minn., for the year ending Sept. 30, 19183.

[Drainage area, 425 square miles.]

R Discharge in second-feet. ((1;‘“‘;'];’ i
epth in
Month, per | incheson ";tacﬁ;}‘
. .3 (] .
B Maximum, | Minimum. | Mean. s&‘q]?r&e area),
98 7.5 50.9 0.120 0.14 | B.
26 56.9 .134 .15 1 B.
51 4.2 26.6 . .07 | C.
46 26.5 . 062 .07 C.
90 4 25.0 .059 . D.
1,450 15 435 1.02 .18 | C.
4 76 177 . 416 .46 | B,
724 68 279 .656 .76 | B.
1,450 31 178 .419 471 C.
90 13 38.3 . 090 .10 { C.
202 21 58.2 L137 161 Q.
64 4 3L6 074 .08 | C.
1,450 4 116 .273 3.70

Nore.—See footnote to table of daily discharge.
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CEDAR RIVER AT CEDAR RAPIDS, IOWA.

Location.—In the central part of Cedar Rapids, below the dam and between the
electric railroad bridge and the Seventh Avenue combination railroad and foot
bridge.

Records available.—October 26, 1902, to September 30, 1913.

Drainage area.—6,320 square xmles

Gage.—An inclined staff gage fastened to posts driven in the right bank of the river
in the rear of the Iowa Windmill & Pump Co.’s plant. Gage read once daily, in
the morning, to tenths.

Channel and control.—Bed of river conslsts of rock and gravel; clean of vegetation
and nearly permanent.

Discharge measurements.—Made from upstream side of the First Avenue bridge.

Winter flow.—Discharge relation affected only slightly by ice, as the current is swift
and ice seldom forms across the river for the entire width.

Regulation.—A dam and power plant above the station may modify the flow to some
extent during low stages of the river. -

Accuracy.—Records good.

Cooperation.—Gage heights furnished by United States Weather Bureau.

Discharge measurements of Cedar River at Cedar Rapids, Towa, during the year ending
Sept. 80, 1913.

.

Date. Made by— hgi;%ﬁ;. clPar]sé-e. Date. Made by— heij ‘:;. ch)ia]rsée.

Feet. | Secl. Feet. | Secft.

Nov. 8| S.B.Soulé.......cc.... 8.01 910 {| Sept. 3 | B.J. Peterson.......... 278 688
Sept. 3 | B.J. Peterson.......... 2.79 a733

@ Measurement made at Fourteenth Avenue bridge; not a good measuring section.

Daily gage height, in feet, of Cedar River at Cedar Rapids, ITowa, for the year ending Sept.

WOOSIW=T WP~JWO~J00 ~JR~IO~I WL <~JWO~JOT CO~T~TD

30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
3.1 8.1 3.0 3.1 3.0 2.8 4.7 3.6 5.0 4.0 2.8 2.
3.2 3.0 2,9 2.9 3.0 3.0 4.6 3.7 4.6 3.81-.29 2.
3.1 3.1 3.1 2.9 2.9 2.9 4.2 3.5 4.5 3.8 2.8 2.
3.2 3.0 2.8 2.8 3.0 3.0 4.3 3.7 4.3 3.5 2,9 2.
3.1} 30) 29, 29| 29| 29| 43| 36| 42| 36| 28 2.
3.2 2.9 2.7 2.7 3.0 3.1 4.2 4.2 4.0 3.4 2.9 2,
3.1 3.2 2.8 2.8 2,8 3.0 4.2 4.0 4.1 3.5 2.8 2.
3.2 3.0 2.8 2.7 2.9 3.1 4.3 4.1 3.9 3.8 2.9 2.
3.2 3.1 2.9 2.8 2.7 3.9 4.2 4.1 3.9 3.4 2.8 2.
3.5 2.9 3.0 2.9 2.8 4.0 4.4 4.1 3.7 3.3 3.0 2.
3.4 3.0 3.1 3.1 2.7 4.1 4.5 3.9 3.8 3.4 2.9 2.
3.4 2.9 3.0 3.0 2.8 4.3 4.6 3.9 3.7 3.3 2.9 2,
3.3 3.1 3.1 3.2 2.8 6.5 5.0 3.8 3.7 3.4 3.0 2.
3.3 3.2 3.2 3.1 2,9 6.7 5.0 4.0 3.6 3.3 3.1 2.
3.2 3.4 2.8 3.2 2.8 7.5 4.7 4.2 4.6 3.4 3.0 2.
3.3 32| 27! 34| 30| 76| 46 43| 3.7 30| 3.0 2.
3.1 3.2 2.8 3.7 2.9 .7 4.4 4.3 3.8 3.1 2.9 2.
3.2 3.0 2.8 3.7 3.0 8.9 4.4 4.3 3.6 3.0 3.0 2.
3.1 3.1 2.9 3.6 2.9 8.7 4.3 4.2 3.7 -3.1 2.8 2.
3.2 30 28} 32| 33| 76| 43| 49| 36| 30| 29 2.
3.1 31! 29| 82t 382! 68{ 40{ 50! 36| 30! 238 2,
3.1 29 284 31) 31| 67 41| 55 36| 3.0 29 2.
3.0 3.0 2.9 3.1 3.0 6.2 4.0 5.6 3.6 3.1 2.8 2.
3.1 2.9 2.7 3.0 3.0 6.4 4.0 5.9 3.4 3.0 2.9 2,
3.1 2,9 2.8 3.0 2.9 6.9 3.9 5.8 3.5 3.1 2.9 2.
3.2 2.8 2.7 2.9 3.0 6.3 3.9 6.0 3.4 2.9 2.9 2.
3.1 2.9 2.9 3.0 2.9 6.3 3.8 5.7 3.5 3.0 2.8 2,
3.2 2.9 2.8 2.9 2.9 6.5 3.9 5.7 3.5 2.9 2.9 2,
3.1 3.0 3.0 3.1 0....... 5.9 3.7 5.5 3.5 3.0 2.8 2.
3.1 2.9 2.9 3.1 0. ... 5.6 3.8 5.4 3.4 2.9 2,9 2
3.0 foeeen.. 3.1 3.2 [ceeunnn 5.2 |eeeaea ] b1 jaal.... 3.0 2.8 ...

NorE.—Discharge relation probably not materially affected by ice during the year ending Sept. 30, 1913,
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Daily discharge, in second-feet, of Cedar River at Cedar RaM, Towa, for the year ending
Sept. 30, 1913. |-

|
\
Day. Oct, | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. M‘ay June, | July. | Aug. | Sept.
.
| SOOI 1,100 | 1,100 | 950 | 1,100 | 950 [ 690 | 5,430 | 2,070 | 6,470 | 3,170 | 690 810
[ 2O 1,260 950 810! '810| 950 950 (5,000 2,320 5, 2,590 | 810 580
B 1,100 | 1,100 | 1,100 | 810 | 810} 810/ 3,790 1,840 4,760 | 2,590 | 690 690
S, 1, 0| 690 | 690 950 | 4,110 | 2,320 | 4,110 | 1,840 | 810 580
Beeeaeanann 1,100 950 810 810 810| 810|4,110|2,070( 3,790 |2,070| 690 690
[ SO, 1,260| 8l0| 580 | 580 | 950 1,100 | 3,790 3,7% 3,170 | 1,630 | 810 580
R 1,100 {1,260 | 690 | 690! 690+ 950 (3,790 | 3,170 | 3,480 | 1,840 | 690 690
8 eeaaaaerens ,260| '950| 690| 580| 810 1,100 4,110 | 3,480 {2,870 | 1,440 | 810 580
I, 1,260 | 1,100 | 810 | 690| 580 | 2,870 | 3,790 | 3,480 | 2,870 | 1,630 | 690 690
100 i ) 810 950 810 690 (3,170 | 4,430 | 3,480 | 2,320 | 1,440 | 950 580
4 1,630 | 950 | 1,100 | 1,100 | 580 | 3,480 | 4,760 |-2,870 | 2,500 | 1,630 | 810 810
120 ceeiennn 1,630 | 810| 950 950 690 4,110 (5 2,870 ( 2,320 [ 1,440 | 810 690
13ieiaannn.. 1,440 | 1,100 | 1,100 ] 1, 690 12,000 | 6,470 | 2,580 | 2,320 | 1,630 | 950 810
Moo 1,440 | 1,260 | 1,260 [ 1,100 | 810 (12,700 | 6,470 | 3,170 | 2,070 | 1,440 | 1,100 690
i T " 1,630 1,260 | 690 (15,800 | 5, 3, ,000 | 1,630 0 810
b1 S 1,440 1,260 | 580 | 1,630 | 950 |16,200 | 5,090 | 4,110 | 2,320 580
17 eiaeaens y 1,260 | 690 | 2,320 { 810 (16,600 | 4,430 | 4,110 | 2,590 | 1,100 | 810 810
180 iiieeiinn, 1, 950 | 690 | 2,820 21,400 | 4,430 | 4,110 | 2,070 950 580
T 1,100 | 1,100 | 810 | 2,070 | = 810 20,600 | 4,110 | 3, 2,320 [ 1,100 | 690 690
20, 1, 690 | 1,260 | 1,440 (16,200 | 4,110 | 6,120 | 2,070 | "950 | 810 580
) SO 1,100 | 1,100 | 810 | 1,260 | 1,260 {13,100 | 3,170 | 6,470 | 2,070 | 950 | 690 690
22 iiiianas ,2100 | 810 [ 690 | 1,100 | 1,100 (12,700 | 3,480 | 8, 2,070 f 950 | 810 580
23 iiiiaenn, 0| 950 810 1,100( 950 [10,800 | 3,170 | 8,610 [ 2,070 | 1,100 [ 690 690
p R 1,100| s810| 58| 950| 950 (11,600 3,170 | 9,710 | 1,630 | 950 | 810 580
P TP ,100| 810| 690| 950 | 810 (13,500 | 2,870 9,3‘&40 1,840 [ 1,100 | 810 690
26 1,260 | 690 | 580 810] 950 (11,200 | 2,870 10,100 | 1,630 | 810 | 810 580
1SR 1,100 810| 810| 950| 810(11,200 | 2,590 | 8,970 | 1,840 | 950 | 690 690
28, e ,260 | 810 690| 810| 810 (12,000 | 2,870 | 8,970 { 1,840 | 810 | 810 580
D RO 1,100 9501 950 (1,100 |-......| 9,710 { 2,320 | 8, 1,840 | 950 690 690
30 i, 1,100 810| 810 1,100 |-...... 8,610 | 2,500 | 7, 1,630 | 80| 810 690
[ TR 950 |--.-... 1,100 | 1,260 |....... 7,170 |.......] 8, ceeve-o| 950 690 |.......

T
Nore.—Daily discharge eomfy_uted from a ratmg curve well defined between 600 and 36,000 second-feet.
Open-channel rating table applied throughout entire year. !

30, 1913

3y .

\
Daily gage height, in feet, of Cedar River at Cedar Rapids, Towa, for the year ending Sept.

[Drainage area, 6,320 square milesl] !

Discharge in second-Leet. (5{6‘% ]%_l? i
T n -
Month. ‘ per | Hches on ":aeec;’
; Maximum. | Minimum, | Mean. | square %ge
! mile. .
1,840 950 1,230 0.195 0.221 A,
1,630 690 o3 | 157 18 | A-
1,260 580 812 .128 .15 | B.
2320 50 | 1,100 1174 ‘20| B.
1,440 580 1866 137 .41 B.
21,400 690 8,840 1.40 1.61 | B,
6,470 2,320 4 -642 72| AL
10,100 180 | 5130 1812 tod | AL
) 470 U0 | 270 1438 9| A
3170 810 | 1,400 l232 126 | AL
1,100 690 799 2127 151 AL
810 580 666 .105 Jd2 | AL
21,400 580 | 2,410 381 5.18

DES MOINES RIVER AT JACKSON, MINN.

Location.—At highway bridge half a mile below the dam at Jackson, Minn., 100
yards above the nearest tributary, a small stream entering from the west.

Records available.—May 31, 1909, to December 20, 1913, when station was discon-
tinued. -
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tions discontinued.
le above the station develops 35

observa

1
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1ce

The plant operates only 6 hours a day on

Hundredths below 4.0, half-tenths from 4.0 to 5.0, and tenths above 5.0 feet.

Channel and control.—Sandy; shifts during high water.

Gage.—Vertical staff, read morning and evening to quarter-tenths. Limits of use
horsepower under a head of 61 feet.

Discharge measurements.—Made from the bridge or by wading.

Winter flow.—Discharge relation affected by
Regulation.~—A power plant at the dam half a m

Drainage area.—1,160 square miles.
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change in the stage of the river,

ling

the year end

uring

s River at Jackson, Minn., d

Sept. 30, 1913

X

Discharge measurements of Des Mo

& £ 2
R O3
A8 | £3

S wns
mam $5%8

B H.Dné
©2

e
I
2|
[~
5| &
e
1]

" BRE
8 .
A 28

=&

3 sea-
PR IR
Ag | gae

g | @
gg | 33

B R33
2
Lo
< e
4 w .
3 EN
= S..m

m
@

. aN
2
S .
A &

<

o Slight obstruction caused by a snag at control.

Jrom Oct. 1, 1912, to

inn.,

1913

ver at Jackson, M

i)

Dec. 20,
[Mrs. Mary Strobel

Daily gage height, in feet, of Des Moines R

observer.]

il

Dec.

3,11
3.05
3.14
3.18
3.19

Oct. | Nov.

3.56 | 3.25
3.55 | 3,26
3.5113.16

3.48 | 3.06
3.48 | 3.15

.| 3.22

3.68|3.28 | 3.18
3.7113.02 | 3.18
3.603.21|3.10
3.58 138.10 | 3.11

3.623.263.18 |......

Jan. | Feb. | Mar. | Apr. | May. | June.| July.| Aug. [Sept.

Dec.

Oct. | Nov.

Day.

-

Nore.—Discharge relation affected by ice about Dec. 6, 1912, to Mar, 31, 1913,
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Daily discharge, in second-feet, of Des Moines River at Jackson, Minn., from Oct. 1,1912,
to Dec. 20, 1913.

Day. | Oct. [Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. [Sept. | Oct. | Nov. | Dee.
5.0 170 | 2681 100 86 | 354 73 37 23
5.0 128 | 258 | 14 91} 354 72 38 17
4.8 161 | 248 | 144 84 | 354 67 28 26
4.5 152 | 228 | 152 79| 332 64 18 30
4.6 144 | 208 | 170 89 | 310 64 27 31
4.8 128 | 198 | 170 73| 288 55 32 30
4.5 116 | 179 ( 144 65 | 278 60 38 16
4.5 109 ) 170 ) 152 64| 258 53 33 22
9.9 112 | 152 | 152 76| 238 61 33 10
48 981 152 | 136 66 | 248 65 27 28
30 89| 136 | 161 76 | 343 67 21 10

- 24 761 133 | 152 781 208 56 40 8
18 17| 120 144 781 188 47 43 6
.16 47| 117 ] 120 71 170 53 28 5
13 179 | 100! 128 73| 161 47 36 22
18 170 91 | 119 B 14 56 32 20
54 288 9 | 123 66| 123 60 22 28
30 208 781 117 541 114 68 12 27
17 208 681 117 64| 112 44 28 21
11 268 92} 106 | 152 | 112 34 30 34
8.6 321 119 93| 208 106 40
7.0 332 | 100 107 198 86 42
7.0 299 68| 106 | 238 86 41
5.8 2781 721 93] 258 92 49
5.0 288 61 99| 278 95 40
5.4 321 | 119 93 | 288 89 30 |......
5.0 354 99| 299 93 14 30 4......
5.0 332 81 84| 310 78 . 33 22 foienen
5.0 321 911 103 | 310 76 22 23 |eeenen
4.9 299 76 93 81 38 30 |......
4.8 278 |...... 85 | 354 [...... [:Z: ) PR SR

Note.—Daily discharge determined as follows: Oet. 1 to Dec. 5, 1912, and Ma¥h22 to Dec. 20, 1913, from
two fairly well-defined rating curves; Apr. 1 to May 21, 1913, by the indirect me; gd for shifting chanmels.

Monthly discharge of Des Moines River at Jackson, Minn., Oct. 1, 1912, $0 Dec. 20, 1913.
[Drainage area, 1,160 square miles.]

isc] e in second-feet.
Discharg €0 dRm;fi‘f
epth in
Month. inches on |[Accu-
. Per draimage | T3¢+
Maximum, | Minimum, | Mean, | square lmamagea)
mile. .
54 4.5 12,6 0.011 0.01 | C.
30 4.8 12.7 . 011 01| C.
238 9 128 .110 121C.
354 76 210 .181 21| B.
268 81 132 114 131 B.
170 84 123 106 12 | B.
354 54 149 128 15 | B.
354 76 186 160 18| B.
3 14 50,0 043 05 | B.
43 12 29,0 025 03]C.
34 5 20,7 018 01| D,

DES MOINES RIVER NEAR FORT DODGE, IOWA.

Location.—At the upper highway bridge, 1 mile upstream from Fort Dodge and just
above the Illinois Central Railroad bridge.

Records available.—April 23, 1905, to July 19, 1906, for station at old Swede Town
Bridge, about 1 mile farther downstream; August 4, 1911, to October 17, 1913,
when station was discontinued, at upper highway bridge.

Drainage area.—Not measured.
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Gage.—Chain gage fastened to the outside handrail, downstream side of right span,
read once daily to quarter-tenths. Limits of use: Hundredths below 2.0, half-
tenths from 2.0 to 3.0, and tenths above 3.0 feet.

Channel and control.—Bed of river composed of sand and gravel; practically per-
manent.

Winter flow.—Observations discontinued during winter months.

Accuracy.—Heavy rains in the basin of Lizard Creek may cause backwater at the
gage and affect the discharge relation. During October, 1913, a temporary dam
was built below the station, causing backwater, and the station was abandoned
in favor of a new one at Kalo, Iowa. Sufficient discharge measurements have not
been made to develop the rating curve above 1,340 second-feet (gage height 3.0
feet) and estimates of discharge above that stage have therefore not been prepared.

Discharge measurements of Des Moines River near Fort Dodge, Iowa, during the period
Oct. 1, 1912, to Oct. 17, 1913,

Gage Dis- Gage | Dis-
Date. | Made by— height. | charge. || D2t Made by— height. | charge.
) Feet. | Sec.-ft. Feet. | Sec.ft.
Nov. 6| S8.B.Soulé............. 1.32 102 Sept. 5| B.J. Peterson.......... 1.58 254
6 ! 1.19 71.5 || Oct. 14| 8. B.Soulé............. 2.20 @158
Sept. 5 1.60 264

a Backwater from dam built about 500 feet below gage during October, 1913.
Note.—Measurements made by wading.

Daily gage height, in feet, of Des Moines River near Fort Dodge, Jowa, from Oct. 1, 1912,
to Oct. 17, 1913. :

[O. C. Hanson, observer.] .
Day. | Oct. | Nov. L Dec. |-Jan. | Feb, | Mar | Apr. | May. | June. | July. | Aug. | Sept. | Oct.
1] 1.30] 1.30 29 | 48 | L.80( 1,30 1.50] L72
2] 1.30] 140 2.8 4.4 1.80| 1.30| 1.50 1.75
3! 22| 142 2.85| 4.1 1,821 1.281 1.52 1.80
4| 1.30| 1.40 3.9 3.7 L7 1257 L85 1.82
50 1,20 1.30 4.6 3.3 .78 130} L60 1.85
6] 130} 1.22 4.5 3.1 1751 132 1.62 1.88
71 L15] 1.22 4.4 3.0 L7241 1.32]| 165 1.90
8 L2561 L20 4.1 3.2 L7017 1321 160 1.90
9| L20{ 1.20 4.0 3.3 170} L32| 160 1.92
10} .20 L22 3.7 2.95) 1.68) 1,32} 1.62 1.95
1) 115 1221 3.5 2.7 170§ 1.35] 1.65 1.95
12 L50| 1.25]. 3.2 2.6 L7221 L4} L7 2.10
13| 1351 1.30 3.3 2.4 L6381 1481 1L70 2.15
141 1401 1.35 3.6 2.4 1.62] L4001 L70 2.2
15| 1L.30] 1.40 . 6.8 2,25 1.60) 1.40| 1.68 2,20
16 | 140 1.42 7.9 2.2 1.58] 140} 170 2.15
174 132 1.45 5.6 2.1 1551 1381 1.70 2,22
18| 140 1.42 5.2 2.0 1,52 ) 1L35) 1.70|...... -
191 .40 1.40 4.9 1,951 1.501 1.35] 1.68|....ace
20| L42] L40 5.4 1.92( 148 1.60| 1.65|...... -
21| 1.30| 1.40 6.0 1.90| L45) 1.85] 1.65|.......
22 1,427 1,42 6.6 1.85] L40) 190} 1.62|.......
23 1.30]| 1.40 . 8.5 1.80] L42| 17| L62|.......
24 1.40)....... 6.4 1,781 1457 170} 160 }.......
25 128 |....... 6.1 1.75| L40| L65| L62(.......
26| 1.30 6.0 1781 L40| 1.62)| 1.65
271 1.25|. 5.6 1.75| 1.38| 1.60} 1.65
281 1.38 . 5.4 L70| 1.35{ 1.55| 160 |.
201 1,40 5.3 1,72} 132| L52)] 1.62].
30| 1.40 | 5.2 17| 1L.32] L50} L65
31| 138 50 | ..... 1.82 | L5655 |cee....

Norte.—Discharge relation. %robabl affected during the greater part of October, 1913, by backwater
from dam built about 500 feet below the gage. See “Accuracy” in station description.
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Daily discharge, in second-feet, of Des Moines River near Fort Dodge, ITowa, for the year
ending Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

Norte.—Daily discharge computed from a rating curve well defined between 40 and 1,340 second-feet
(gage heights 1.0 and 3.0 feet). .

See “ Accuracy” in station description. Estimates of daily discharge, Oct. 1 to Nov. 23, 1912, differ
from those published in Water Supply Paper No. 325 on account of revising the rating curve on basis of
additional information obtained during 1913. Estimates prior to Oct. 1, 1912, should be revised by persons
using them if thought desirable.

Monthly discharge of Des Moines River near Fort Dodge, Towa, for'the year ending Sept,

30, 1913.
) Discharge in second-feet.
Month. ;tae.cc;.
Maximum. | Minimum. | Mean,
200 63 117 | B.
174 74 124 | B.
409 114 250 | B.
465 90 192 | B.
325 200 280 | B.

! .
NortEe.—Estimates of monthly discharge for October and November differ from those published in Water~
Supply Paper 325 on account of a revision of the rating curve. See ‘Accuracy in station descritpion.”

DES MOINES RIVER AT KEOSAUQUA, IOWA.

Location.—At county bridge one-fourth mile above old dam site and Government,
locks. ) .

Records available.—May 30, 1903, to July 21, 1906; April 5 to September 30, 1910:
(United States Engineer Corps); August 3, 1911, to September 30, 1913.

Drainage area.—14,300 square miles.
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Gage.—Chain gage attached to upstream side of bridge; read once daily to half-tenths.
Limits of use: Half-tenths below and tenths above 2.0 feet. Gage was originally
attached to downstream side of bridge; changed beecause of repairs to bridge at
unknown date.

Channel and control.—Control a gravel riffle about one-fourth mile below gage;
channel composed of sand and gravel on the left and rock on the right; shifts at
flood stages.

Discharge measurements.—Made from downstream side of the bridge.

Winter flow.—Observations discontinued during winter months.

Discharge measurements of Des Moines River at Keosauqua, Iowa, during the year ending
Sept. 80, 1913.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || D3t Made by— height. | charge.
Feet, | Sec.ft. Feet. | Sec.t.
Nov. 11 | 8. B. Soulé............. 0.90 1,340 |} July 11 | Bolster and Egbert....| 0.94 1,580
13 §..... L 1o TR .93 1,370

Daily gage height, in feet, of Des Moines River at Keosauqua, Iowa, for the year ending
Sept. 30, 1913.

[Oscar MecCrary, observer.]
Day. Oct. | Nov. | Dec. | Jan, | Feb. | Mar, | Apr. | May, | June, | July. | Aug. | Sept.
0.6 1.2 0.75 5.8 2.4 0.55 0.45
.6 1.05 .8 5.5 2.6 .5 4
.6 1.05 .85 5.6 L5 RN .4
651 1.0 .9 5.0 1.36 .45 .35
.651 1.0 .9 4.6 1.3 .4 .35
[ TN AN LO | .9 foeeri oo 4.1 1.25 .4 .35
S DU L -5 T O PPN SO PRI PR 3.9 1.2 .4 .35
........ .95 weeeeeo] 3.5 1.16 .35 .3
........ 1.0 ceeeeo.] 3.2 1.05 .35 .3
........ .8 creeeed| 8.1 .95 .35 .3
.9 4.4 2.7 .95 .55 .4
.95 42| 2.6 .9 .55 .7
2.9 .9 4.2 2.4 .85 .65 4
3.3 .95 . 4.61 2.4 .8 7 .4
3.1 125 6.8 2.0 .8 .9 .35
2.8 1.3 8.1} 2.0 .8 .9 .35
2.6 1.25 ). 4.5 L75 .75 .8 .38
2351 1.2 |[. 8.8| L7 B 1,35 .4
2.0 1.05 |. 9.1 LB5 W7 1.25 .4
2.0 1.06 8.8 155 .7 .9 .5
1.8 1.05 9.2 135 W7 .9 .45
L7 1O 9.2 | 3.2 7 .85 .4
L7 | 1O 9.0 2.7 .7 .8 .4
1.6 .95 9.0| 3.0 .65 B .4
1.5 .9 9.0 3.0 .65 .7 .4
1.45 155 T DR PRI RN DI I, 9.1 56 .65 .6 .35
1.4 .9 1. 8.8 5.3 .65 .6 .35
L5 8.4 | 4.7 .6 .6 .35
1.45 7.6 | 4.1 .6 .55 .35
1.4 7.0 3.6 .55 .5 .4
1.35 6.3 |ooeenen .55 I 1:3

NortEe.—Discharge relation affected by ice about Dec. 9-12, 1912,
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Daily discharge, in second-feet, of Des Moines River at Keosaugua, Iowa, for the year
ending Sept. 30, 1913.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May.

I
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Aug. | Sept.
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Note.—Daily discharge computed from two fairly well defined rating cirves. New rating curve used
beginning May 11, 1913.

Monthly discharge of Des Moines River at Keosaugqua, Towa, for the year ending Sept. 30,

1913.
[Drainage area, 14,300 square miles,)
Discharge in second-feet. (Fd n h_oﬂ
epth in
Month. Per mclges on é:g;}'
Maximom, | Minimum. | Mean. | square d;}a?;gge
mile, -

860 2,600 0.182 0.21 | B.
1,08 | 1,480 2103 ‘u | B
1,080 1,220 .085 031 C.
9,330 18, 500 1.29 1.01 | B.
2280 | 7,240 1506 B.
980 1,660 .116 13 | B.
715| 1140 “080 | B
650 766 .054 06 | B.
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